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. E> oy py md | General) [Paior Is, wg f 
A veling & Porter, [ 2. Y Sairncatiaes Co. , td. ,| John Bellany, [_jmited,| Ro les Limited, 
ROCHESTER. 3 Ww. MILLWALL, LONDON, B. 1216 | FEED WATE HEAT! ue 
a wer] | FRESE Uno Maainags' | Guests Garnet say aeRO | Dew 
, - CONDENSERS, AIR Parewre 
S team BXORPTIONAL Daavexr. Boilers, Tanks,& Mooring Buoys axp GAS KBTTLES, 
Repairs on Pacific Coast ee ee 
Sritis, Peraot Tanrxs, Arm Recetvers, Sree. for Pump Suctions, 
Road Reiers & , are by YARROWS, LIMITED, Vietoria, Britteh | | Curormre,RIVETED STEAM AND VENTILATING PIPES. SYPHONIA STAM TRAPS, REDUCING VALVES 
Surrsvi.pems, Sur Rerarnens axp Rxgurerns, | TOPPERS, SrEciaL Worx, Repains oF Att Kreps. ATHR SOFTRNING and FI NG. 6123 


A. .G, Meee 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY amp Wan Orrics Lists. 
BNGLINBS for Torpedo Beats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, pages 31 and 81. 

PATENT WATER-TUBE BO 
AUTOMATIC FEED ULATORS. 
4 Auxil! M to the 
An lary ianty a 
Deteige pity 


FLOATING CRANES. yoo aL “BUNK BRING 








Werf Conrad. "9 PAABLEM, 


Agents: MARINE WORKS, Lrp., Frians Hovss, 
39-41, New Broap 8r., "LONDON, B.C. we 


Nee half-page Advert, last week and next week. 
ranes.—Electric, Steam, 
HYDRAULIC and HAND, 
of all & and sizes. 
GEORGE EUSSELL z OoO., 
Motherwel Glasgow. 


. 





LtD., 
91 





STEEL TANKS, PIPES, GASHOLDERS, 4c. 


I] thos. Piggott & Co., Limited, 





RMINGHAM. 7411 
See Advertisement last week. page 109. 
pileaty and on, 


LiMIreD. 
MARINE BNGINBEERS, &c. 
Newsury, BNGLANpD. 


fank Locomotives. 

Specification and Workmanship equal to 
Main Line Locomotives," 

R.& W. HAWTHORN, LESLIE & OO., Len. 

___ Brepreers, Newoastix-on-Trzz, 


9105 
((ochran 


MULTITUBULAR AND 
See page 1. 








OROSS-TUBB TYPES. 
Bolles. 
9108 
etter il ngines. 
rs Paraffin O Crude Of EH 
Sizes 2} BHP. ana upwards. 
Petters Limited, Yeovil. 


! Sizes 10 to 500 B.HP. 
 ickers-Petters, Led. , Ipswich 
: See advertisement alternate . 9386 
] nvincible (Gree (lasses. 
BUTTERWORTH BROS., Ltd, 


Newton Heath Glass Works, 
Manchester. Od 9753 














(Sampbells & Her, |. 
Gear Cutting. 
Werm Wheels cut up te 18 ft. diam. 


Bevel and Mitre Wheels planed up to 8 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 
xe achts, Launches or Barges 
i complete 1 with Steam, Ol! or ‘Perl 
VOSPER £00" Lap., Baoan Sransr, PT. 
OR 


Drop Forgizgs 
GaRTSHERniE ENGINESRING & epg 
50, Wellington Street, Glasgow. 


4547 











Q Freel A Ppliances. 
sysraus {A 
STEAM. 


FOR BOILERS OF ALL TYPES. 


Kermodes Limited, 
35, Tue Tempe, DALE Srreet, LIVERPOOL ; 


4078 
MBSSRS. ny a | & 


RICHES, 
8, SovrmamMpton Row, Loxpox, W.C. 1. 


Telephone No. : Museum 6684. 
NAVAL OUTFITS A SPECIALTY. 


[_ccomotives | Tank Engines 


constructed 
MANNING WAEDLE A AND COMPANY, i] 
Engine Works, Leeds. Od 2487 
See their Illus. Advertisement, page 115, last week. 


RAILWAY AND TRAMWAY ROLLING STOOK. 


He Nelson & (Co. | 4. 


aes Sedioew Res ee a cae Se 


MOTHERWELL. 
R z: Ltd., 


Pickering & Co., 
(HsTABLISHED 1864.) 

BUILDERS of RAILWAYCARRIAGES 2WAGONS. 
MAKERS of WHEELS and AXLES of ail kinds, 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 
Lond 


ion Office : Od 
3, Vicrortus Sraeet, Weerminsrer, 5.W. 














(T'ubes and Fittings. 


Glasgow and Birmingham. 





Stewarts and Lorde, L*: Pookets, and 





Y 8trow Patent 
1 aeincges Bore: 


PRESSING and MACHINING of new erarious ata 
ot ¥ 


YARROW & 


Mitthew ‘pal & Co L* 




















Tar Giaseow Rotiine Stock aNp Piant Works. 


urst, Nelson & Co., Ltd., 
Buildersof RAILWAY CARRIAGES, WAGONS 
ELECTRIC CARS, and EVERY OTHER DESCRIPTION 
or RAILWAY and TRAMWAY ROLLING STOOK. 
Makers of Wurets and Axies, Rattway Piarr. 
Foreinas, SmirH Work, Iron anp e OasTines, 
Presssp Srext Work or aut Kinds. 

red Office and Chief Works: Motherwell. 

on Office: 14, Leadenhall Street, B.C. Od33a2 


ement. —Maxted “& Knott, 
ity on ae Cement Engineers, ADVISE 
GENBRALLY o Cement Schemes FOR 
ENGLAND AND A ROAD. —— ONLY. 
Highest references. Hstablished 


Address, BuRNETT pres <q" Huu. 
Cablegrams: “‘ Energy, Hull.” 





7991 





enry Butcher & Co., 


VALUERS axp AUCTIONEERS 


to the 
ENGINEERING AND ALLIED TRADES. 
aLa0 FOR 
PLANT axp MACHINERY. 8134 


68 and 64, CHANCERY LANE, W.C. 2. 


CHANTIERS & ATELIERS 
A ugustin- Normand 
ee HAVRE 
Boats, Yachts and Fast Beate, 


Submersible Boats. 
‘ater-tube es Ceal or Oil 
Diesel Of] Bngines. 


Deter Schesarine | 


soma * — 











See Advertisement 04, 
me * aay Leverrorp Works, Dumbarton. 9518 
Mier and ° Sy ey See Full Page Advt., page 14, Aug, 19, 
DORK of, all desert undertaken for Foreings. 
Also sere ee 
wala. Book ny ER 
1) PRvgsint, Las. ueen’s Wharf, Hammersmith. alter omers, Limited, 
WP. — & Lrp., HALESOWEN, 7116 
at present de yen and willt be piensa to con “ a OLASS 
firms desiring such work execu Delts Brand Fy 
KE J. Davis, MIL. Mech... Poke dette 00., 
P Gu ng, imapacted, Tested and 8. Greewwicn, LONDON, 8.3: 1S hst irelinghon} 
Mad 781 Bieniford, Wire, Ha London.” 
—Great Bastern Road, Strait 1B. 1194 (['eylor & (Shallen 
iesel Engines, Six Cylinder 
thc tet, HP. Presses 
vane D0 ‘e-- bore 2 - ts rsa 
leo 3-600 Kw. PARSONS im Sire tee or | “A202 STOCK of BBW FRBSGRS new on View 
a * olts, D.C., arene COM. | TAXYLOR2OHALLEN, Lp. Rng! Br a 
PERGBORS, 250 ody D.C. Pressures 1500 to See Full Page Advertisement page 60, Aug. 19. 
per eduare TENNINGS, atents D™SIGNS 4x» TRADE MARKS 
West Walls, Newcastle-on-Tyne. 8888 IN ALL COUNTRI 


E. P. Alexander & Son, 
OmARTERED PaTErT AGENTS, 
306, HIGH HOLBORN, LONDON, W.0, 
(Betablished 1874.) 


Telephone: Central 7424. Od 586 





. Ue ateg and Cutter Grind- 


ING Lee ey IN STOOK. Sultedle 
for aceurate internal and external grinding, surface 
Speed ifsc x Baw g)Mackines, ¢ in. eapacly. _ 
MORTON'S WHRAV Wiiit, Goremry oS 
GRAPHITED 

OLL, 


“OTLDAG” 


(Reg.) BRAND. 





WATER. 
“AQUADAG” 


(Reg.) BRAND, 
GrapHireno 
GRBASB. 


“GREDAG ” 


E. G. Acheson [i 


Bah Manufacturers.) Works: 
40, Woo on, PLyMourTE, 





Pleectric f[‘ransporters. 


Klectric phere 


(UP TO % TONS.) 


Blectrie 8 sag a 


Locomotive [[raversers 
(BLEOTRIO). 





8. H. REYWOOD £00., LTD.; 9026 8. H. HEYWOOD & 0O., LTD. 5. H. HEYWOOD . 0o., LTD., 8. H. aoe” LTD., 
: . =} ° ~ ’ x nae Tele—Andrubo, Holb,, London, 
Fruller, Horsey, Sons & Cassell, J ohn H. Witson& Co.,Ltd. The National Foremen's Andrews & Beaumont, 


; in the 
SALE AND VALUATION 
PLANT AND MACHINERY 
ENGINEERING WORKS. 


11, BILLITBR SQUARE, B.C: 3. 











Birkenhead. 


See Illustrated Advertisement Page 100, Jan, 28. 
LocomotiveSShunting Cranes 
Steam and Bicetric Cranes, 


pea ame CRANE-NAVVIES, GRABS 


CONORETE-MIX ERS. 
SHIPS’ WINDLASSES, WINCHES, and 
DECK MACHINERY. 


Lists or StanwpaRpd Sizes oN APPLICATION. 
London Office; 15, VIOTORIA STRERT, 8.W. 1. 


ASSOCIATION or Tue 
ENGINEERING AND ALLIED TRADES. 
(Registered under the Trade Union Act.) 





An Association 5; poe? lormed to a after the 
interests of Poremen on thelr their Supervisory Ca; pees 
All communications nek ox: Head Offices— 

H. W. REID, 95, Belgrave Road 
Secretary. Victoria, , 8.W.1, 





& W. MacLellan, Limited, 


od CLUTHA ppg 2 GLASGOW. 
MANUFACTURERS OF 
=, CARRIAGES AND WAGONS 
EVERY DESCRIPTION, 


364 | RAILWAY IRONWORK, SS an oat to. 








(neat Bee, J. 
29, Southaaigen Buildings, London, W.C. 2, 


“GQ pencer- H wna Patent 


Sole Makers : Bee page 
Sadie Werden Som oer 
Parliament Mansions, Victoria 8t., 


Cessna 
pt, ((aseels & VW illiameon, 


MOTHERWELL, SCOTLAND. 





Leino 








See half-page Advertisement, page 81, August 5. 


























































































































































































































Fraiyervity 4 “of Gissaae: 


JAMES WATT CHAIRS IN IN THE DEPARTMENT 
OF ENGINEBRING. 


Court. will, during the course 
inning ist October, 19 1 
MENT of a James Wat 

ROFESSOR of ELECTRICAL ENGINEERING, 

and a James Watt PROFESSOR of the THEORY 

sy hn carta of HBAT yb my ae ; 

be obtained 


not the Univer- 
urt, ag Hag of Glasgow. 
Yh August, R 834 


[as 0. K "Wears. .—Successes 


as usual last Bxam. by Deeemmeotonds ie 
ft *, Successes b hundreds, several tw came Bec. 
Address, 7434, Offices of HuGinxzrn«ne. 


embraces ‘essional experience. 
orrespondente Courses for 
B.Sc. bo I, Mech. B., all BNGI- 

8 age = A and 


NWRRING WX AM Single 
Subjects. Pomoant’t tuition.—For fu Fg min 
ap 7 %0 Ma. TREVOR W. PiiuLtes, B Hons.). 
Assoc.M.Inst.C.B., M.B.8.1., ete., 8-10, ‘ord 
Chambers, 68, South John Street, eet, Liverpool. 9296 
[= 0,E., I. Mech. E., B. Sc., 


and all eee go —Mr.G. P. 
Ose ou. M.Inst.0.8,, F.5. 1, 
R.San. L,. PREPARES CANDIDATE _— personal ly 


7 by correspondence, 
z time. 90, bing 1 


The Universit, of 


nity G 











Courses may commence at an 
St., Westminster, 5.W. Tel. 4780 Victoria. 


U e-t0- date Tuition for 


Inst. O.H., I. Mech. H., and other Exams, by 

a ay Bxpert, over 20 years’ experience, honours, 
old poe O FAILURES, moderate 

pn —Address, R 131, Offices of Mnarncrnmme. 





THNDERS. 
TO CONTRACTORS ONLY. 
THE ise yee =o OF H.M. WORKS, &c., 
to reeeive separate 


oasiers before Eleven 
a.m. on Friday, 16th September, 1921, 
lor the SUPPLY of RIC. 
VRS wa, MECRANTOAL BNGIN ING LABOUR-IN- 
WORK in the CARDIFF District. 


Forms of Tender and all particulars may be 
obtained on application to the OONTRAOTS 
BRANCH, H.M. = or Works, King Charles 
Street, London, 8.W, 1. R823 
—To 


RS —The 


Non Faseri Railway. 


PIR yy nao ‘AnD IRONFOUND 
ts tromren to recelve TENDERS for the 
BRSOTON ° BOTRIO CAR SHEDS Sa 


Gosforth, Neweastle-on-Tyne. ns and 
tation may be seen and Quantities and further 
pay obtained upon application to Mr. 
RTHUR Pouarp, the Geanpeude Architect, a4 
may Weatgate Road, Newoastle-on- , On at 
ter 22nd instant. Quantities supplied ies 
som oy ., the works. alee 


Nine 4.m., “Septet 

bind themeel vee A a —s 
Tender.— W. DEV 

*York, 15th Dy igat. 


COUNTY BOROUGH OF TYNEMOUTH. 


enders are’ Invited for the 


BRROTION of THREE REINFORCED 
CONORETSE JETTIBS, about 51 ft. oe by 62 ft, 
Bank of the Ri and 


The Directors do not 

¥" oy or apy 

or the hes 
RT 





wits, ‘hg ee North 
ough of Tynemouth. The nforced 
At, Structure has been designed by the Firm 
of Messrs, Tax Constping Consravctrion Co., Lrp., 
fl 5, Victoria Street, London, 8.W. 1. Drawings 
bé seen, and u payment of Two Guineas, 
pine ot the Specification and Bilis of Quantities, 
oe. + for the work may be obtained either at the 
oes of the above Firm, or at the Office of the 
undersigned. the receipt of a bona fide Tender 
the aforesaid Two Guineas will be returned. 
Tenders, which are to be sealed and endorsed 
“Tender for Jetties,” are to be delivered at the 
Office of the undersigned, not later than 9.30 a.m. 
on Monday, the 12th September, 1921, No pledge is 
given to accept the lowest or any Tender 

JOHN F. SMILLIB, 

a 


Tyneniouth, 
BURGH OF MAODUFF. 
MACDUFF HARBOUR SLIPWAY. 


The Macduff Town Council : are prepared to receive 


enders for the Construction 
and BRBECTION at Macduff of a STREL 
CRADLE, Two TRAVERSSRS, and MACHINERY 
ao: olgve SLIPWAL. Conditions, Sch 
8 e jon, 8, edule 
Form of Tender, and the Drawin bel 
at the Office of the Subscriber sditid mated 
Tenge os desirous of Tendering pes Pampa the 
Pwo Gut documents on paymen ¢ sum of 
aie a will be Feturned on receipt of 
Tender together wi documents. 
Te ve cee es of the Drawings are not Included with 
uments, 


ge Ent pm oa ies with ad 8S pester 
or before Saturda:’ ee ote - 1 ne, 
me bee t ehammosides to 
Se Senter 
ON, M.Inst.¢.B., 





1, | 8 


ly 
bona-fide Tender sent in accordance with the in- 
structions en the Form of Tender and after the 
fication has been returned. 

‘enders addressed as noted on the form must be 
delivered at the Office of the Board not later than 

2.30 p.m., on September, 1921. 
iy Order, R872 
DUNCOMBE MANN 
Clerk to the Board. 


H.B.1. THE NIZAM’S GUARANTEED STATE 
RAILWAYS COMPANY, LIMITED. 


The Board of Direators of H.B.H, The Nizam's 
uaranteed te Fo A eaeeny. Limited, 





G 


() 18 — ee RAILS, lb, FLF., tn 
of 39 ft. 6 In. 
va pee 85 Yb. F.F., in 


of 39 
14,36 Pairs of FISH PLATES for above. 
(2) os wing FISH BOLTS, &c., for 


For each copy of oe Spesiication (1) or (2) a fee of 
10s. will be oc hich is not returnable. 
Tenders, enclosed in sealed envelopes and addressed 
to the Chairman and Directors, and endorsed 
“Tender for Steel Rails,” or ‘‘Tender for Fith 
Bolts,” as the case may be, must be delivered at the 
Com vow Offices not later than Twelve noon on 
9th ber, 1921, 

The. rectors do net bind themselves to accept 
the lowest or any Tender, and reserve the right to 


divide the order, 
By Order of b Board 
© A teen 
naging r. 
Winchester House, 
50, Old Broad Street, 


24th August, 1923. R 888 





METROPOLITAN WATER BOARD. 
TENDERS FOR THE SUPPLY AND ERECTION 
OF PUMP MACHINERY AT LITTLETON, 
MIDDLESEX. 


The Metropolitan Water Board invite 


and (fenders: i rat tho Supply. and |" 


at Littleton, Middlesex, having a maximum capacity 
of ts fee million gallons per 24 hours against a head ot 
ogee 


apectiieation 18 Dra nig mag be leupeetes witha! 
cation an: wing may be inspected without 
yment of fee the Offices of the Board 
Room 173) Ohief Rageen’s De “re Rose- 
Avenue, Clerkenwell, B.C. on and after 
Y, 26th my) reek 1921. 

Coabeatters 4 esirous of tendering may obtain the 
ents from Mr. — B, StTinGon, 
the Ohief Engi duction of 
for the sum of yy 3s., which sum 
ted with the Board's untant 
be returned on receipt of a bona fide Tender 

= with all incidental obaticns 
ween the hour and id spe - be — 

ye and Saturde ye aR ay 

ys exce 
Tender ders m enclosed in 





“ for 
delivered at the Offices « 
Ten a.m. on Wedn 

The Board do not 
lowest or any Tender. 


not later than 
oie November, 1921. 
themselves to accept the 


W. MOON 


Clerk of the Board. 
i, Movahory A A B.C, 1 
venue . 1, 
16th August, i921. R 197 


APPOINTMENTS OPEN. 


urvey Draughtsman 


REQUI by the GoVERNMENT oF 

Nigeria, for two tours, = of 13 to 18 

mouths service with pros permanency. 
Salary £480 a year, rising! sical increments of 


pe Ry By uarters and first 
iberal levee ‘Gnglana on full 


class passages. 
rey ae gn must 





apy eB 

a knowledge of let 

hater, and tap —Appl at once, in writing, 
to 


givin brief details of ex xpertence, to the 
0 AGENTS FOR THE UOLONIBS, 4, 
Millbank, London, 8.W, 1, quoting M/Nigeria, 11094. 





THE YORKSHIRE ELECTRIC eee 
COMPANY, 


acancy for Power Station 
MAINTBNANCB ENGINEER. Salary, 
- ~ ———. Applications should state training 


wnianeeen, R 8t0, Offices of ENGINEERING. 
THE TUCKS. ue POWER 





VACANCY FOR HESIDBN? STATION 
ENGINB! 


pplications ar are Invited for | touna’ 

Tama a ei te Comp aye Thosshill Fone Boas 
will shortly 

can, 

Palen R rt Ota ENGINEERING. 





Tse for “the Supply of :—|? 





CITY OF NOTTINGHAM. 
plications. ar are Invited for 


| APP 


in the City Bngineer’s De engage- 
= Redan’ services are sttslestory) will will be for 12 


a) D STHEL ‘DRAUGHTSMAN, wr 
dida' oroug’ ly 
mstructional 


Power Stations, &c., and similar 


(B) Wo. es cuummuxa ASSISTANTS. 
oe ae Candidates must 
Sooe tnd ace and varied ex — in 

the design ~—" im nt 

Buildings, such as er Stations, ke. 
Applications for the above tments will be 
considered only on Forms whie' Se 
from the Ciry Eneryern, Guildball, nm Street, 
Nottingham, and must be sent to him, ye 
with copies of three recent testimonials, an 
envelope endorsed ‘‘ Steel am ag a or“ Engl- 
neering Assistant” on or before Sth September, 
921, 


members of the Council is prohibited 
and will bes disqualification. 
Ww. J. Dog. 


‘own Olerk. 
Guildhall, Nottingham, 
20th August, 1921. R 838 


OIL MILL ENGINEER. 


QO: Millers Offer Progressive 


POSITION to ENGINEER age of highest | of 
technical. qualifications, executive abi and 
Works os gained in responsible on. 

The Mills are extensive, equip with modern 
machinery and every device for e! ancy. 

The power and steam are generated by the most 

up-to-date gg to enable maximum economy to 
Intimate knowledge of modern heavy 
Suny 60 dcuveging plant is necessary. 

The position is one fora man 35-40 years of age 
with wide ex ence, Breve Bw personality, tact, 
energy, initiative and ity of handling men 
and ty nt to the best blead vantage. 

details, age, experience, references, etc., and 
eo reguired 
Address, K 877, Offices of ENGINEERING. 


Required by, the London 


OU-OPERATIVE Dare a CHIEF ENGI- 
NEER, se ractical experience "of Bakery, Laun- 
dry, Dairy and Refrigerating Machinery. ust also 
be acquainted with “7 running of Electric, Petrol 
and Steam motor 
A vonage ee en ocsed te ag on gl to be made 








the following TEMPORARY Mg 





aa Wanted— % 

Up-to-date in ae. Yorks)‘; 
Distriet ; only those ng f . ~ 
and references en! wasters need 
apply.—Address, R 683, Cy 


EK rt and~ Experience‘ 
ALESMAN WANTED, by old establis! ¢ 
firm of Steel Manufactarers, with know: 
of Automobile and ‘a Tool Steels. State ex. © 
werk a and i Sorat etc.— Address, R, 884, Offices 








Proreman Moulder Required 


to take control of large ge, and Machine 
Moulding Shop of Iron Foundry. ications are 
invited from men who have on moulding 
eae grasa and can prove their ability to turn ont 
ee quantities of repetition work on an econom ical 
Stgte age, ex mce, Lana already heid, 
and salary requi — Address, R 861, Offices of 
ENGINERRING. 


ST 
SITUATIONS WANTED. 
DQ 


M “chanical Engineer, 28 


SEEKS POST as ~ aang Diieineer, 
p oocem j Works Manager or Jig and Tool Designer ; 
drawing office, five years’ workshop ex- 
ence ; excellent references. Address, R 798 
ces of. ENGINEERING. 
En 


ntractor's eer . and 
Agent (A.M.1.0.B.) with first-class training 
and experience Desires Post ; can produce excellent 
references ; speaks French.—Address, R709, Offices 


of ENGINKERING. 
Mechanical Engineer (33), 


with* Electrical, Fa and D.O. ex. 
pence SEEKS responsible POSITION in London 

ffice; would represent Country firm.—Address, 
R 870, Offices of Seareaanye, 


Young En ngineer, 23, M.Sc., 
DESIRES 


soharton with firm building 
Oil. Engines. estey experience, three years 
- ence in d nm an Bem 2 of Diesel Engines, 
dress, R 873, INEERING, 


ffices of ENG: 
Es ineers Pattern © Maker 
t class) can fill 


oP iol Lopes at sae rs ara 


ndon, 
Engineer, 24, 2nd 
ee four 

















Sa pet, if required,—G. 





arine 
Class B.O.T. 
and. D.O. ex = rg orker, Oroughly 
reliable, DESIRES POSITION in D.O. or engineer. 
ing works.—Address, R851, Offices of Ev@incERine. 


R876 
ears’ shop 





dressed to the 
Maryland Street, Stratford, London, B. 15 


(Sompetent Electrical Engineer 

REQUIRED for large B.H.T. Power Station 
in the Bast, to take char, ange (ar (ander Superintendent) 
of entire maintenanee » Alternators, 
&c, Liberal sa and dean oy "Three years” 
agreement. Single man preferred, age not over 35. 
~— Address, R 856, Offices of E¥GINRERING. 


iectrical Engineer Required |s 


with Rolling Mills and Blast Furnace experi- 

ence. Good mechanical knowledge necessary. —-Give 

full particulars of technical and practical experience, 
«+ co. Durham 


also state age and salary 
OONSBT f LRON C0., L?D., co. Durhat 831 
Reauired for China, Experi- 


enced ENGINEER (Single); must be fully 
conversant with eager and commercial side of 
internal combustion engine trade (land and marine). 
—Address, stating experience, age and salary, R826, 
Offices of ENGINEERING. 


Hetimating Clerk Wanted, 


a must - nag * h — and oi! mill 
machinery,—. ng fu 
rs ace ahd sta Sg po A 
IDDLETON & OO., Sheepscar 


etter, stati and and 
- the “fine L Couliirras, Ss, 








tired to the aes x 
1 





particulars of ex- 
uired, to ROBT 
‘oundry, a 





(jeneral Foreman Moulder 


WANTED totake chargeoflarge Iron Foundry, 

making castings up to 30 tons weight, comprising 
n and drysand, loam mouldin, 

Ss must have held similar 


rrr 


. | accurate intercha 


858 | ness experience and fluent French 





oung Engineer (20), Public 


School, two Colle . 
REQUIRES P Practica ax Puatancn * 


Civil meering home or abroad,—Address, ° 263, 
Offices of ENGINEERENG. 


Byagineer- -Draughtsman (28), 


Roope 4 pnw doy ll years’ pmeery and 
practice engines, Compressors, ex asters, 
i echnical training, go 


AS.E. 





pumps, and jigs and tools, 
here, Fads ser (3 R ay. Offices of ENGINEERING. 


joe ineer ( , First Board of 


af. 8 POSITION of Trust, 
would open “Office South Wales if sufficient induce- 
ment.offers, would take Agency or represent Firms, 
—Address, R 865, Offices of ENGINEERING. 


Engineer, Stud.L.C.E., 


Ys sane 
ears’ apprenticeship with Messrs, Vickers, 


Gendell Workshop and Office experience, technical 
education in engineering subjects, a, POSI- 
TION as Assistant meer to Civil or Mechanical 
Engineer.— Address, R 843, Offices of aaa 


I.Mech.E., 18> years’ 


Management of Works. Production of 
eable work and general engi- 
responsible POSITION. Busi- 
. Salary required 


£600 p.a.— Address, K 780, Officesof ENGINEERING. 


E222 eer Open for En ngage- 
T either at Home oe Abroad, Home 
and Colonial ex ” enced in Electric 
Power Gene: , Cranes, Internal 











neering, DESIR 








pplicant: 

responsibility, be used to the successful control of 
men,and have good knowledge of aoe: foundry 
meet Nan | piecework a > ications, 
which will be treated in confi anon gx 8 
experience (in rer sk approximate salary required, 
and be age y coptes of recent. testimonials. 
—Address, R Offices of ENGINEERING. 


E =p erienced Mechanical 

UGHTSMAN, ble ha og | own 

measurements without su ly, stating 
paiic er YO, GH 


7 SERS Annas ege, and salar. 
Yue & Sons, Ltd., e Sager Refiners, 
Wharts Victoria Docks, E R833 


cs Trsaghidesun Required 


for Chinese Government Railways, on three 
years’ agreement, Salaries £500, 
annum. Candidates must have 
eenen in Ste eee 











Fons Moulder Wanted for 

we Loam Moulding section of large = 
icante must have had first class 

di and cay © ge 


must have Seen had net amet Sottable "e 





sti Bogines Irrigation’ and Agricultura! 
Machh inery. 
Address, R 813, Offices of ENGINEERING. 


ngineer, 27, lst Class B.O.T. 


ertificate, oxpect Draughtsman. Thorough 
Snowbeage of <4 and engine repair: work and 
general - Has been ag a5 manage- 
aint. responsible POSITION any 
where ion eaten of advance.—Address, R 849, 
Offices of EnGIvEErRine. 


A‘ ML Mech. E. (33), now 


eee tone “a to trade penton, 
iT Splendid technical training 
a debe experience in shops, drawing office, and 
poe sell testing lab. Heat et of steel 
a specia Address, R883, Offices of ENGINEEING, 


ies ee Draughteman Requires 


POST, 2 yrs’. tech. school, 2} byte 
D.O. Good references, London preter 

A. HS. 14, Mostyn Gardens, Willesden, N.W.10. nee 

od 20) 20, 


unior Draughtsman, 
with six years’ sound Mechanical 
TS POSITION in teen 
Good Jig knowledge, quick to 


D.O. experience, WAN 
“N,” 11, Carden Road, 5.B. 15, R815 


office or works. 
See rhe ea. ee me 
































Aue. 26, 1921.] 


ENGINEERING. 


301 








THE INTERNAL BRACING OF 
AEROPLANE WINGS. 
By A. H. Srvuarr. 


Tue instructions issued to aesoplane riggers 
regarding the initial tension to be put upon the 
internal bracing wires of wings, have in the past 
been of the vaguest nature. The fact is explained | 
by the absence of any definite information relating 
to. the subject. The following experiments were | 
undertaken with the view of supplying suitable | 
data on which to base an opinion. 

Consider one braced bay of a wing as shown in | 
Fig. 1. Let AB be the root of the wing and DC} 
the compression rib completing the first bay. | 
When the bracing wires are fixed they will, of course, | 
both be in tension, and these tensions will be equal | 
when the wing is correctly trued up. The rib DC| 
will be in compression. 
During flight the drift-load will act along the | 
rib in the direction D C, the effect being to displace | 
the rib slightly in the direction along which the force | 
is acting, thus reducing the tension in the bracing | 
wire D B and increasing it in the wire C A. It is| 
readily seen that if the drift load reaches a certain | 
determinable amount the whole of the initial | 
tension will be removed from D B and the tension 


Fig.7. D 
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in CA will now be the drift load resolved in the 
direction C A, ‘that is £4 


| 
load, and will be in-| 
‘dependent of the initial tension. 

For the experimental work a wing was secured in 
a horizontal position to a bench, by the method | 
shown in Fig. 2, which represents the root of the 
wing. The compression rib which completed the | 
first bay had a wooden fitting secured to its under | 
surface in such a way that it could ride freely on two | 
steel balls carried between steel plates. (See B 
in Fig. 3.) A piece of cable was attached to the | 
end of the rib and passing over a pulley P terminated | 
in a hook on which weights could be hung. 

A steel needle N attached to the bench almost 
made contact with a millimeter scale S carried by the 
spar of the wing. The reading at this point gave 
an indication of the amount of displacement which 
resulted from a given load. The tension in the 
wires was determined with an acoustic tensiometer 
and, before loading, both wires were brought to the 
same tension. 

_The load was applied in small increments and the 
‘displacement as shown on the scale, and the tension 





in both wires were determined for each load. The 
results are shown in the subjoined Table, 

The readings were not continued farther as the 
tension in the anti-drift wire had become too low 
to measure with accuracy. Fig. 4 shows the results 
expressed graphically. It will be seen that the points 
lie very well about two straight lines. If the lower 
of these graphs (representing the readings taken 
on the anti-drift wire) be produced to a point at 
which the tension is zero, as shown by the dotted 
portion in Fig. 4, a load of 160 lb. is indicated. 





If the upper graph be produced to the same load it 
represents a tension of 312 lb. in the drift wire. The 
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(6962.4) 


experiments indicate, therefore, that in a bay of 
these dimensions with an initial tension in both wires 
of 160 Ib., it requires a load in drift of 160 lb. to 
remove all tension from the anti-drift wire and under 





] 
Displacement. Tension in Pounds. 





Loads in 
Pounds. Anti-Drift 


In Millimetres Drift Wire. ire. 





160 
180 
200 
215 
225 
225 
235 
250 
265 


160 
140 
125 
105 
95 
90 
75 
60 
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these conditions the tension in the drift wire is 
312 Ib. Referring to the dimensions of the bay 
shown in Fig. 5 and neglecting the effects of offset 
(the error introduced thereby being negligible, 


see Air Board C.I.M. No. 32, July, 1917), it will 
be seen that the tension in the drift wire, when the 
anti-drift wire loses its tension, should be: 
614 of 160 = 317 Ibs, 
31 
It would appear, therefore, that our consideration 
of the simple bay in Fig. 1 is fully upheld by experi- 
ment. This being so, it may be stated generally 
that if: 
length of bracing wire. 
depth of bay of wing. 
load on compression rib due to maximum drift, 


~~ 


Tension in Wire ¢ 


(6362. 0 in 


the initial tension T on the bracing wires is given 
by: 
LW 
2D 
and when the drift load comes into play the tension 
in the anti-drift wire becomes zero, and thiat in the 


drift, wire becomes “.~" . 


These would appear to be the best conditions of 
bracing. We will now consider experimental 
results showing the effects produced by initial 
tensions other than those given above. 

Case I.—Initial tension in both wires 100 lb. Drift 
load 110 Ib. 

Results :—Tension in drift wire 220 lb. 
Tension in anti-drift wire, zero. 
Displacement, 11-5 mm, 
‘Case II.—Both wires initially slack, Drift load 110 lb, 
Results :—Tension in drift wire, 220 lb. 
Anti-drift wire, very slack. 
Displacement, 14-5 mm. 

Case III.—Initial tension in both wires 290 lb, Drift 
load 110 lb. 

Results :—Tension in drift wire, 370 Ib. 
Tension in anti-drift wire, 165 lb, 
Displacement 8 mm. 
Now adopting the formula given above, the 
initial tension for a drift load of 110 Ib. should be : 
ra LW _, Sih x 120 _ 109 ite, 
2D 2x 3l 
and the final tension of the drift wire would then be 
LW _ 61h x 110 _ oig 
D l 





It will be seen, therefore, that in cases I and IT 
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the initial tension was too low and this 
in a greater displacement of the wing, and no 
reduction in the final tension in the drift wire. 
In case III the initial tension was too high, and 
although the displacement was not materially 
diminished, the final tension in the drift wire was 
excessive. 

The data given above refer to one bay of a wing 
only. In the case of a complete wing the problem 
appears to be similar to that of a braced cantilever, 
with uniform loading, i.¢., the load which a drift 
wire will have to carry will be greater as the bay 
is nearer to the root of the wing. In that case the 
initial tension of the bracing wires of a wing should 
be least in the bay farthest from the root and 
greatest in the bay next to the root. The relative 
initial tensions of the bracing wires in the different 
bays will be decided by the dimensions of the bays 
in the wing. When the bay of the wing is stressed 
the displacement (d) was measured in millimetres. 
It is readily seen that when d is small (as it always 
is) the extension of the bracing wire is very nearly 


equal to :- This extension has been calculated in 


three cases and, taking the modulus of elasticity 
for the wire in question (piano, No. 12 S.W.G.) as 
11,600 tons per square inch, it is possible to calculate 
the portion of the extension which is due to elastic 
‘strain. The remainder of the extension is pre- 
sumably due to the “ bedding down ” of the fittings. 
This would go far to explain the phenomenon of 
wires becoming slack a few days after a structure 
has been trued up. It-is out of the question that 
with the stresses with which we are here dealing 
the elastic limit has been passed and a permanent 
set produced. 

The following table gives the results to which 
reference is made :— 








Calculated Elastic 
Extension of Extension of 
Load | Displacement d Bracing Wire Bracing 
Ww. in Millimetres. | Corresponding to | Corresponding to 
Displacement d. Load W. 
mm. ° 
21 1°5 0-7 0-14 
70 6-0 3-05 0-465 
110 9-1 4-6 0-75 














One point seems to stand out plainly in the results 
quoted and that is that trouble is likely to be met 
by the use of any fitting which will “ bed down” 
when the bracing wire is in tension. Swaged rods 
screwing into fittings which cannot “creep” 
appear to fulfil the conditions required. 

In machines with stagger the problem is made 
rather more complex by the oblique thrust of the 
interplane struts, but in every case the data exist 
for the calculation of the magnitude and distribution 
of the drift forces. That being so the determination 
of the most suitable initial tension in the internal 
bracing wires should present little difficulty. 

It is not suggested that the most suitable initial 
tension should be recorded to the nearest pound. 
It would be sufficient for all practical purposes if the 
tensions were given to the nearest 50 lb., or in those 
of higher magnitude to the nearest 100 lb. The 
tension should thus be given in “‘ round numbers.” 

When this part of the problem has been solved it 
will be time to consider how best to measure the 
tension in a bracing wire. There is little doubt that 
once the range of magnitude and conditions of 
measurement have been determined the design of a 
suitable tautness meter will be possible. . 





New British CxamMBeR OF COMMERCE IN MEXICO 
Crry.—It has been felt for some time that it was to the 
detriment of British interests in Mexico that there should 
be no British Chamber of Commerce in the Republic, 
especially in view of the well-established and efficient 
Chambers of Commerce of the American, Belgian, Italian 
and Dutch colonies. During the war the British Trade 
Board (Mexico) was organised by British firms and resi- 
dents in Mexico City to protect and assist British interests 
in Mexico, acting under the tutel: of H.M. Legation. 
Tt has now been decided that this body should cease to 
function and that its _— should be taken by a Central 
British Chamber of Commerce acting independently of 
the tion. Advice has now reached the Federation 
of British Industries that the Chamber has been legally 
registered, and copies of the deeds of organisation and 
bye-laws have been received. Particulars as to conditions 
of membership, etc., can be obtained from the North 
American section of the F.B.I. Overseas Organisation 
at the Head Office, 39, St. James Street, London, 8.W.1. 





A NOMOGRAPHIC CHART FOR GASES. 
By T. B. Mortzy, D.Se., M.I.Mech.E. 

In recent years there have been many useful 
applications of the principles of nomography, in 
the construction of diagrams—sometimes term 
“alignment charts’”—by means of which the 
numerical calculation of formule is avoided and the 
desired results obtained from the diagram very 
easily and quickly, and with less liability to 
mistakes. 

These diagrams are usually designed to correspond 
to exact algebraic formule and, indeed, are only 
accurate if the quantities concerned can be related 
by mathematical expressions of certain types. 

There are cases, however, in which, while it is 
impossible to correlate all the quantities concerned 
in a manner suitable for exact nomographic plotting, 
it is nevertheless possible to construct a diagram 
from which results of an approximate nature can 
be obtained. 

A good example of this is to be found in an article 
on “A Steam Alignment Diagram,” by D. H. 
Thomson, M.A., A.M.I.Mech.E., published in 
ENGINEERING, March 5, 1920, in which is described 
a diagram for the properties of steam. From 
this diagram many problems concerned with the 
expansion of steam and efficiency of turbines can 
be easily solved with an accuracy which, though 
not absolute, is sufficient for most practical purposes. 

In the case of the gases forming the working 
substance in internal-combustion engines, it would 
be useful to have a nomographic chart which would 
correlate in one diagram all the principal properties, 
viz., pressure, volume, temperature, intrinsic and 
total energy, and would enable the effect of adiabatic 
expansion or compression to be readily determined. 
It is easy to do this if it is assumed that specific heats 
are constant; but it is known that the specific 
heats increase with temperature, and if this is taken 
into account, the formule become not only exceed- 
ingly cumbrous for computation, but also unsuited 
for the exact nomographic representation on one 
diagram of all the properties named. 

This is unfortunate, as it is just when the formule 
become cumbrous that it is most desirable to replace 
numerical by graphic computation. 

The writer has already published charts devised 
for this purpose ;* none of these, however, is of 
the alignment. or nomographic type, and as charts 
of that type have marked advantages, an endeavour 
has been made to construct a nomographic chart, 
which would serve the purposes named, if not 
exactly, yet with a reasonable degree of approxima- 
tion. The result of this endeavour is the chart shown 
in Fig. 5, page 303. Its design can be best explained 
if attention is first directed to the diagrams shown 
in Figs. 1, 3 and 4. Fig. 1 serves to determine 
corresponding values of ‘pressure P, volume V 
and temperature T, but is not suited for dealing 
with adiabatic changes. of gases with variable 
specific ‘heats. 

Incidentally, Fig. 1 is adapted for the solution 
of the equation P V" = constant, and this applica- 
tion of the diagram will also be described as it 
renders it applicable to the expansion of any gas 
or vapour following this law, ‘“n” being appro- 
priately chosen. 

For the gases in an internal-combustion engine, 
typical constants} are 

Ky = 317 + 0-0623 T ft. lb. per Ib. per deg. C. 
and 
K, = 220 + 0°0623 T ft. lb. per Ib. per deg. C. 
or, expressed in heat units (Centigrade) 
Ky = 02265 + 0-0000445 T 
K, = 0-157 + 0-0000445 T 

From the above the characteristic gas equation 
PV=RT becomes P V = 0-676T, where P is 
in pounds per square inch, V in cubic feet per 
pound and T in degrees Centigrade absolute. 

A straight line laid across Fig. 1—the construction 
of which diagram is described in the appendix— 
cuts the scales of P, V and T at values connected 
by this equation. 

For a gas with a different value of R, the scale of 





* Evarnzerina, October 3, 1913, page 445, and Dec. 18, 
1914, 734, also Journ, Inst. Mech. Z., Dec., 1920. 
constants are given b W. J. Walker, Ph.D., in 
Journal Inst. Mech. Enginsers, 1920. 





T need only be slightly displaced bodily along its 
axis. For example, to adapt Fig. 1 for air, the T 
scale need only be displaced upwards by an amount 


equal to iw of the distance on the T scale repre- 


ed | senting a temperature ratio of 10. Thus if the ratio 


10 : 1 on the gcale of T is represented by 30 cm., 
the displacement required to adapt the diagram 
for air is 2-5 mm. 

To determine the result of changes following the 
law PV" = constant, a line joining the given 
initial values of P and V is laid down and its point 
of intersection A (see Fig. 2) with the vertical line 
marked with the appropriate index “n”’ is noted. 
Then any straight line through A will cut the scales 
at values corresponding to the equation, i.e., in 
Fig. 2, P, Vv," = P, Vv = Py V,*. 

The same lines determine also the corresponding 
temperatures, thus solving the equations T V" — 1 — 


-1 
constant, and TP» = constant. 

It should be noted that the ratios of temperatures 
nr &c., are unaffected by displacement of the 
T scale along its axis, so that, for ratios only, the 
same T scale may be used for air or any other gas. 

The vertical “ index lines” are drawn on Fig. 1, 
for the values of “n” most frequently required, 
é.g., 1-3 for superheated steam, 1-135 for steam 
initially dry and saturated, 1-4 for air, and so on. 

Fig. 1 also serves for the examination of an 
expansion or compression curve. A series of P 
and V values are measured from the curve, and the 
corresponding lines drawn on Fig. 1. If these 
lines meet at a point, it follows that the curve is 
of the type represented by P V" = constant, and 
“nm” can be determined by reference to the scale 
of “‘n” values. 

The graduations of the “index lines” are quite 
arbitrary, their sole purpose being to enable one to 
record points on the lines without drawing any 
further lines on the chart. 

The best method of using nomographic diagrams 
is to lay across the scales a strip of transparent 
celluloid on which a fine straight line has been 
scratched, and to adjust the line to the required 
scale readings; the transparency of the celluloid, 
by permitting the scale numbers both above and 
below the required points to be seen, facilitates 
this adjustment. 

Then by means of the graduations on the “ index 
lines ” the intersecting point may be noted and the 
straight line reset through that point without the 
chart being marked. 

Returning now to th> gas engine mixture, the 
true adiabatic equation in this case is : 


PO+157 VO-2265 .0-0000445r — gonstant. 


where ¢ is the base of Napierian logarithms. 
Fig. 1 is not suited for the exact solution of this 
equation, and separate diagrams, Figs. 3 and 4, for 
adiabatic changes have accordingly been prepared, 
which relate V and T, and P and T respectively. 
The method of using these diagrams is similar to that 
shown in Fig. 2, the lines joining V and T (or 
P and T) values on the same adiabatic intersecting 
at a point on the intermediate vertical “ ¢ ” scale. 
The “ @” scale is uniform, and as a matter of fact 
represents entropy, the values of which may 
occasionally—though rarely—be required, the scale 
being graduated chiefly for the reason already 
mentioned in the case of the index lines on Fig. 1. 
The method of constructing Figs. 3 and 4 is 
given in the appendix. The intrinsic energy I in 
thermal units per pound of gas = 0-157T + 
0-00002225 T, and is shown in Fig. 3 by a scale 
marked off along the same axis as the T scale. The 


total energy E=I +r = 0-2265 T-+0-00002225 T?, 


and is shown in a similar manner on Fig. 4. 

By means of any two of the three diagrams, 
Figs. 1, 3 and 4—preferably Figs. 1 and 3, or 1 and 4 
—calculations on ideal internal-combustion cycles 
may now be carried out, the values of P, V, T, I 
(and E also if required) for all the required points. 
in the cycle being easily obtained from the diagrams. 

As an example, take the case of a gas engine 
cycle of the ordinary constant-volume type. At 
the beginning of compression let P, = 14-7, and 
T, = 386. 

"Poem Fig. 1, V, = 18, and from Fig. 3, I, at 
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586 deg. C. absolute is read as 64. Let the com- 
pression ratio be 5-4, so that V, at the end of 
compression = 3-33. From Fig. 3 by following 
the method indicated, T, at the end of the adiabatic 
compression is found to be 745, and hence I, = 129. 


By laying a straight line on Fig. 1, from T, = 745| As an example of a Diesel engine cycle, beginning 


to V, = 3-33, P, is found to be 152. 


P could also be found from Fig. 4 by joining, | pression ratio be 14-3 so that V, becomes 1-26, 


170 x 1400 
144 x (18 — 3°33) 
= 113 pounds per squareinch. The“ air standard” 
efficiency is 49-1 per cent. and the mean effective 
pressure (for the same heat added) is 131. 


units) divided by stroke volume = 


with the same P,, V; and T, as above, let the com- 


The conditions at the verious points of the cycle, 
as determined from the charts, are as follows :-— 
M both heat and work in heat unite, we 
have work done in compression = I, — I, = 125. 
Work done during combustion 
_. 570 x (1°96 — 1-26) x 144 
1400 
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==, 55:1 lb. per square inch. The construction of a 
single chart, combining the functions of Figs. 1, 3 
and 4, though representing adiabatic changes only 
approximately, may now be described. 

The chart is shown in Fig. 5, which is simply 
Fig. 1 with the addition of a curved line A B and 
scales of intrinsic and total energy placed alongside 
the temperature scale. In Fig. 5, the line AB 
fulfils the same function as the vertical ¢ lines 
in Figs. 3 and 4, i.e., if from the intersection with 
AB of a straight line representing a given initial 
P, V and T, another straight line be drawn, it will 
cut the scales at values of P, V and T which are 
approximately those arrived at by an adiabatic 
change. 

The method of obtaining the line AB is as 
follows :— 

A series of lines is laid off on Fig. 3 (or on Fig. 4) in 
groups, all the lines of a particular group passing 
through the same point on the ¢ axis, so that the lines 
of a group represent points on anadiabatic. Lines are 
now drawn on Fig. 5 connecting the same V and T 
values (or P and T values). The locus of the inter- 
sections of the groups of lines on Fig. 3 is a vertical 
line, but on Fig. 5 the groups do not intersect each 
at a point. The intersections lie within a band 
which occupies a position round about the line A B. 
Evidently somewhere within this band there may be 
drawn a curved line which will represent fairly well 
the mean locus of the intersections. 

The line A B on the chart has been finally deter- 
mined by a process of trial and error, so as to suit 
as nearly as may be a number of typical cases 
occurring in gas engine cycles. As an example of 
its use, take the former of the examples given above. 
P,, V,, T, and I, are as before; from the inter- 
section with AB of the line joining P,, V,, T,, 
a line is drawn to V, = 3-33. This line cuts the 
P and T scales at P, = 150 and T, = 736. 

The intrinsic energy I and total energy E are 
obtained by projecting horizontally from the T scale. 
I, = 127. Adding 401 for the heat added. during 
explosion as before, I, = 528, from which T, = 
2,490. V, remaining 3-33, join this point on the 
V scale to T= 2,490. The line determines 
P, = 510. From its intersection with A B, draw 
a line to V, = 18, and so determine P, and T,, 
which are found to be 57 and 1,530 respectively. 
By .projecting from T, = 1,530, I, is found to be 
292. 


These values are in fair agreement with those 
previously obtained. The efficiency as calculated 
from them is 42-9 per cent., and the mean effective 
pressure is 115, as against the previously-determined 
values 42-4 and 113. 

The writer has tested the charts by a number of 
cases of typical cycles, of both constant volume 
and constant pressure types, and finds that in many 
cases the approximate chart, Fig. 5, gives results 
for efficiency and mean effective pressure within 
3 per cenit. of the correct values. 

There are cases, however, in which the error is 
greater, 6 per cent. in one case, for example, but as 
will be seen from the first of the examples given 
above, even the approximate chart gives results 
more nearly correct for the actual working substance 
than those obtained from the “air standard” 
calculation. 

In order te test the generality of this statement 
several examples of both constant volume and 
constant pressure cycles have been worked out by 
the three methods, viz., by means of the separate 
diagrams as described above, by means of the 
approximate chart, and by calculation of the “ air 
standard” cycle. For any cycle, the compression 
ratio and the amount of ‘eat developed in com- 
bustion have been taken as the same in each method 
of calculation (the maximum pressures and tempera- 
tures thus differ, the “ air etandard ”’ temperatures 
being higher owing to the lower average specific 
heat). 

It was found, that in all the cases examined, 
even the approximate chart gave more correct 
results than the “‘ air standard ’’ values. 

In conclusion, the writer would sum up as follows 
the results of his examination of the diagrams 
described :— 

{1) A chart, Fig. 5, can be drawn which is service- 
able for evaluating with ease and rapidity internal- 





combustion engine cycles, and which yields results, 
which though approximate only, are preferable 
to the “‘ air standard ” values. 

(2) For greater accuracy in internal-combustion 
engine calculations, the separate charts, Figs. 5 
(neglecting the line A B) and Fig. 3 or Fig. 4, should 
be used. As compared with numerical computation, 
there will still be great advantages in respect of 
ease, speed and freedom from mistakes. 

The accuracy of the charts, as thus used, is 
limited solely by questions of draughtsmanship and 
scale ing. 

(3) The chart, Fig. 1 or Fig. 5, also serves for 
solving any of the relationships included in the 


equations P V = RT and P y* = constant; it is 
applicable for these purposes to any gas by slightly 
displacing the T scale, and for P V relationships is 
applicable to vapours such as steam. 

It can also be used to examine the type of a given 
P V curve and determine the index n if the curve 
is of the type P V" = constant. 





APPENDIX. 


Fig. 1.—The fundamental equation is P V = R T. 

The corresponding equation in a form suitable for 
a convenient nomographic diagram is log P + 
log V — log T = constant. 

The functions of P V and T to be plotted along 
the respective axes are therefore log P, log V and 
log T. 

Let 1 unit of log P be represented by the length S, 
1 unit of log V by Sy, and of log T by Sr 
and let 1 = distance between the axes of P and T 


a = distance between the axes of P and V 
b = distance between the axes of V and T 


a S- . _ _ Sp x Sr 

Then - = s. and Sy = 3+ 6. and the scale of 
P will increase in the opposite direction to those 
of V and T. If it is desired to make the P and V 
scales nearly the same, then the scale of T becomes 
excessively open. 

*In the chart from which Fig. 1 is reproduced, 
Sp = 15 cm., Sy = 10 cm. and Sy = 30 cm. The 
distance / = 12 in., so that a = 4 in. and b = 8 in. 

The relative location of the scales along their 
axes and the checking of the diagram are effected 
by making a few independent calculations of corre- 
sponding P, V and T values and seeing that these 
values on the axes are collinear. 

For the location of the “‘ index lines ” for P V* 
constant, since log P, +n l6g V,=log P, + 
n log V,, it follows that the intersection of lines 
drawn through P,, V,, and P,, V,, will lie on a 
parallel axis the distance of which from the P scale 


. ‘ _ * & BS 
will be given by C = se % For the 
dimensions stated above, viz.,a = 4in., Sp = 1-58y, 
C has the following values in inches, 


n 1*4 1 
c 764 8 





3 1°25 1-2 1-135 

-21 4«=8°57 9-0 9-68 

For n = 1, the change of condition is isothermal, 

and obviously the axis of T is the “ index line.” 
Fig. 3.—This diagram deals with adiabatic changes 

of V and T. During a reversible adiabatic opera- 

tion, the entropy @ remains constant, and @ is 


given by the equation 


T 

| K, — + 
T 

~T) . 


(CT 
PdV 
To 


¢? — Po 





which becomes, in terms of V and T, 
¢ — % = 0°157 loge = + 00000445 (T — Ty) 
0 


+ 0-0695 log, 
Vo 
S(o) = f(T) + FV) 
S(T) = 0°157 log. z + 00000445 (T — Tp) 
0 


or 
where 
and f(V) = 0-0695 log, v 
0 
This equation is suited for simple nomographic 
representation. 
The nomogram differs from Fig. 1 in that along 
the axis of T is plotted, not log T, but / (T) as above. 
The scale of V, as before, is logarithmic. 
In the original of Fig. 3, the volume ratio 10:1 





(or log;, % = 1) is represented by 20 em., hence 
. 20 
1 unit of f (V) = 55906 Tos ie = 125 ems. 


One unit of f(T) = 50cm. The axis of ¢ divides 
the distance between the V and T axes in the ratio 
125:50. The unit of f(¢)—which is simply ¢— 


b, 2 
is represented by = x 125 _ 35-71 om. 


)+ 175 
The intrinsic energy I in heat units (measured 
from absolute zero) = 


[ean = 0-157 T + 0-00002225 T?2 


and is represented along the axis of T, corresponding 
values of I and T coinciding. 

Fig. 4 is constructed in a similar manner to 
Fig. 3. In this case 


$— $0 = 0°2265 log, x + 6-0000445 (T — To) —0-0695 log, . 
0 i) 


so that f(T) = -2265 loge = + 0000445 (T — To) 


0 


f(P) = — -0695 log, 
Po 


and 


The total energy E 


= [x dT = +2265 T + -00002225 T2 





THE WORKS OF MESSRS. EDGAR ALLEN 
AND CO., LIMITED, SHEFFIELD. 


(Continued from page 274.) 


Tue main offices of the works front the Sheffield 
to Rotherham road, and are conveniently situated 
midway between Sheffield and Rotherham, and 
within 1 minute and 3 minutes’ walk of West 
Tinsley and Tinsley Railway stations, respectively. 

In the rear of the offices and, generally, in the 
triangular plot of land enclosed by Sheffield-road, 
the Great Central*and the Sheffield and District 
Railway, is located the older portion of the estab- 
lishment, views of which, showing tool steel ware- 
houses, the original foundry, file and saw making, 
are given in Figs. 12 to 19, on pages 305 and 306. 
These views convey no adequate idea of the work 
done and stock carried in the various factories and 
warehouses, which form, as it were, the “ cradle ”’ 
of the company. In the first place may be men- 
tioned the tool steel melting department. This is 
equipped with a Robinson and Dawson gas-fired 
regenerative six-chamber crucible furnace with a 
capacity of thirty 4-cwt. crucibles, also two Siemens’ 
new-form, gas-fired regenerative crucible furnaces, 
having a capacity of twelve }-cwt. crucibles each. 
Such was the demand for the firm’s special steel 
during the period of the war that a 12-hole coke- 
fired crucible furnace, discarded some years pre- 
viously, was put into operation « it rendered yeoman 
service. 

Messrs. Edgar Allen have always made their own 
crucibles, the process of manufacture being carried 
out in shops conveniently situated near the furnaces 
and adjacent to the works sidings, enabling the raw 
material to be unloaded and the finished crucibles 
to be delivered with the minimum of labour and 
delay. The clays are most carefully selected and 
mixed in the right proportion to a formula which 
long experience has shown to be the most suitable 
to withstand the very high temperatures required to 
melt tool steel. After mixing, the clay is well 
trodden to exclude all air and to toughen the 
mixture. The clay is then moulded under a press 
to the desired shape, and the crucibles are after- 
wards carefully dried in specially-designed drying 
chambers. When dried, the crucibles together 
with the lids are removed to shelves fixed up on 
the walls of the furnace house and just before use 
they are carefully annealed in muffle furnaces built 
for this special purpose on the crucible furnace 
charging platform. 

After melting and having had the necessary 
“physic” added in the form of various alloys 
required for the special quality of tool steels manu- 
factured at the Imperial Works, the liquid steel is 
teemed into ingot moulds and when cool the cast 
ingots are removed to the ingot warehouse for 
inspection. All defects are marked and afterwards 
carefully removed either by pneumatic chipping 
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hammers or by grinding as circumstances dictate. 
The prepared ingots are then loaded on to the 
firm’s | Jorries and dispatched to Park View 
Forge, ‘the company own at Owlerton, a 
distance of 5 miles from the Imperial Steel Works, 
or in some eases to the rolling mills. The ingots 
are there forged or rolled out into the finished bars 
of tool steel. On return to the steel warehouse 
the bars are again i , annealed and in some 
cases reeled, painted, labelled and stocked ready 
for delivery. These processes are carried out in 
five lange warehouses of a total floor area of 3,736 
square yards. 
Warehouses Nos. | to 3 are utilised for inspection, 
grinding, chipping, reeling and storing the smaller 





the hardening of tools, gear wheels, and other similar | of the saw department, in which is installed 


work. 

Crossing the=yard from No. 3 steelwarehouse 
are the shops of the file department, in which files 
of all shapes ang classes are made and cut, from the 
roughest cut rasp down to the smallest jeweller’s 
or dentist’s file. In passing, it should be mentioned 
that with a view to giving employment toa number of 
families who for generations past have been con- 
nected with the Edgar Allen establishment, some 
of the fine cutting of the small special files is done 
by hand by outside labour. The file department 
at the works is run entirely by machinery. 

The bars, as received from the forge and rolling 
mills, are cut to length, and the blanks forged under 





machinery for the manufacture of circular saws up 
to 86 in. in diameter. The saw plates rolled out of 
ingots of special steel, made at the Imperial Works, 
are first pared under a special shears to roughly the 
outside diameter of the proposed saw, the teeth 
are then milled out to the required pitch and shape ; 
in the case of saws of large teeth and pitch the spaces 
between the teeth are first punched out and after. 
wards milled and ground to proper size and shape. 
After cutting, the saws are heated in special furnaces 
and quenched in oil, sent into the straightening 
shop, and afterwards ground and polished. A view 
in the saw milling shop is reproduced in Fig. 18 
subjoined. 








Fig. 17. 


sections of finished bars; and warehouses 4 to 5 for 
annealing, heat treatment and storing the larger 
varieties of tool steel. The furnaces for annealing 
the bars.as received from the forge or rolling mills 
are suitably grou in No. 4 steel warehouse, 
and are of a modern t fitted with recording 
pyrometers and supplied with town gas. At the 
east end of this warehouge are the furnaces with oil 
and water quenching tanks, oil cooler, &c., for the 
heat treatment of special metor and air-craft steels. 
This installation is most and was put 
down during the war to deal especially with the large 
and continuous demand for Allen's special aircraft 
and motor lorry steel. Very special attention is paid 
to the treatment of this steel, the entire process 
being under the supervision of the works’ chemist 
and his assistants. Figs, 12 and 13 0n page 305 are 
views in warehouses No. 1 and No. 4. 

Adjacent to and into No. 4 warehouse 
is th shop, is fitted up with 
furnaces and quenching tanks, &c., for dealing with 


THs Hann Courtine or Fives. 





Fie. 18. 


ial forging hammers to the required shape, and 
Dterwands carefully annealed in gas-fired annealing 
furnaces. The forgings are then wet ground true, 
ready for cutting; flat files by semi-automatic 
grinding machinery and the round, half-round, three 
square and special shapes, and odd lots, by hand. 
Semi-automatic machinery is employed in the actual 
operation of cutting, the process being performed 
at a very high rate of speed. When cut the files are 
heated to the desired temperature for hardening in 
@ lead bath furnace heated by low-pressure air and 
gas and afterwards quenched in a salt water bath. 
After being cleaned the files are sent into the ware- 
house for inspection and packing. This inspection 
is of a most rigid description, and any file discovered 
to be in way defective is immediately rejected. 
Fig. 15, on "305, is a view in the cutting 
shop ; whilst 16 and 17, on the present ‘ 
show the hardening of files in a salt bath and t 
hand cutting of files. 
Adjoining the file department are the shops 





View in Saw Mruixe Suopr. 





Fic. 19. CHareinc CruciBLe' FURNACES. 


In the straightening shop, circular saws which 
have warped or buckled by injudicious treatment 
at the hands of users, and saws which require to be 
straightened or flattened between the various phases 
of manufacture are treated by hammering with 
specially-shaped hammers on an anvil. Very great 
skill and experience are required for this class of 
work, and Messrs. Edgar Allen are justly proud of 
their skilled workmen in this shop. 

Leaving the saw department, and passing down 
the yard through No. 5 steel warehouse, in an easterly 
direction, the original foundry buildings are on the 
left-hand. These buildings have been converted into 
@ press and forge shop, and they contain a 500-ton 
steam hydraulic press made by Messrs. Davy 
Brothers, Limited, sed for a large variety of general 
forging work. This shop is well-equipped with 
continuous and re-heating furnaces, and overhead 
electric cranes. It contains also a oe —. 
Tropenas t. This melting plant was 
formerly used for ace i purposes, but since the 
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putting down of the extensive new foundry on the 
opposite side of Sheffield-road—with. which we 
shall deal in our concluding ‘article—it has been 
used in conjunction with the forge and _ press 
department. 

Leaving the forge and press department, in an 
easterly direction and towards the apex of the 
triangle is situated No. 2 foundry. This foundry, a 
view of which is given in Fig. 14.0n page 305, is set 
apart solely for the manufacture of manganese steel 
tramway points and crossings, and is equipped with 
a specially-designed melting plant to carry out this 
work, for which Messrs. Edgar Allen and Co. enjoy 
a high reputation amongst tramway authorities, 
both in this country and abroad. The shop is 
fully equipped with all modern appliances for the 
rapid and economical handling of the work. 

After being cast, fettled and annealed, the castings 
are despatched by the firm’s steam lorries to the 
machine and grinding shops of the tramway and 
railway department, in Shepcote-lane, described and 
illustrated on page 272, ante. The illustration, 
Fig. 19 on page 306, shows the charging of crucible 
furnaces. 

The buildings of the various shops in this, the 
older part of the works, are of an old date, and their 
construction does not call for any special notice. 
The cranes and machines are electrically driven 
throughout, the power being obtained from the 
Sheffield Corporation and converted from. alternating 
to continuous current through Vickers’ rotary 
converters, situated in the transformer house near 
to the boilers. The press shop is supplied with steam 
by a battery of three 30-ft. by 8-ft. Lancashire 
boilers, conveniently situated for the supply of fuel 
via a siding alongside the boiler pit from the Great 
Central Railway. 


(T'o be continued.) 





THE “SAMSON” AUTOMATIC TEMPERATURE 
REGULATOR. 


AN interesung form of temperature regulator, known 
as the “ Samson,” is illustrated in the annexed figure. 
It can be applied for operating steam, gas, oil or water 
valves, or for controlling electric switches. It is 
applicable to the regulation of room temperatures 
and has many more strictly technical uses, as, for 
instance, for the temperature control of feed-water 
heaters, sterilisers, ovens of various kinds, paper and 
timber drying plants, &c. It may also be applied 
to cooling plants of every description. The apparatus 
is entirely self-contained and no outside source of 
energy is required to operate it, so that in the case 


of an installation comprising several regulators they. 


cannot all be put out of action at once by the failure 
of a central source of energy. In the operation of the 
regulator the valve under control is gradually closed 
as the temperature rises, so that after-heating effects, 
when the valve is completely closed, are less marked 
than with devices which suddenly shut a fully-opened 
valve when the predetermined maximum temperature 
has been i 

The regulation operates by the rapid expansion 
and contraction of a liquid highly sensitive to tempera- 
ture variations, the pressure generated by the ex- 
pansion of the liquid being applied to a special form 
of frietionless piston. The details of the device will be 
followed from the figure. In this, A is the thermostat 
connected by the tube B to the controller C which 
operates the valve D, which opens, or closes, the steam, 
hot water or other connection. The parts A, B and C 
are completely filled with the operating liquid and are 
hermetically sealed. Inside the controller there is a 
long piston P which is constructed of seamless spirally- 
corrugated tubing of great elasticity and resiliency, 
and made from a copper alloy. i is her- 
metically attached to the casing at E, and at its top 
end is closed by a cap in which a rod R is fixed. 
rod passes through the interior of the piston. It should 


be understood that the cap is a free fit in the controller | c 


chamber C and that the operating liquid can flow 
past it freely. The rod R bears on the top of the valve 
stem asshown. With a rise in temperature the internal 
pressure rises and some liquid passes over from the 
thermostat to the controller. The result is that the 
piston is compressed and the rod R moving. downwards 
closes the valve. This effect obviously takes place 
gradually as already described. With a fall in tempera- 
ture the rod R lifts and the valve is opened again under 
the action of the spring S. 

The thermostat is also fitted with a long piston P, 
of the same type as P. This serves as a regulator, 
and also acts as a safety device. Towards the upper 


The | uniformly in 





part of the internal rod R, of this regulating piston 
there is a circular nut N which can. be rotated by 
means of the tube T, but is held in- position by the 
spring S,. It will be evident from the figure that 
by rotating this nut the regulating piston may be 
either extended or contracted so that more liquid is 
forced into the controller or withdrawn from it. This 
results in the valve D being moved nearer to, or farther 
away from, its seat, and enables the regulator to be 
set so that final closing of the valve takes place at 
any selected temperature. The spiral corrugations 
of the tube piston cause the whole tube to take part 
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any expansion, or contraction, which 
has the result of dividi the stress evenly and in- 
reasing the resiliency. the valve D is completely 
closed and the temperature still continues to rise the 
pressure set up in the thermostat compresses the 
regulating piston and lifts the rod R, and with it the 
nut N against the action of the spring 8,, and so 
relieves the pressure. The thermostat tube is normally 
made of brass, but when it is to be used for 
liquids which have a corrosive action on brass other 
material can be used, or it can be lead-coated. 
It should be noted that the regulators contain no 
tight-fitting parts and so are free from metallic 
friction. The agents for the regulator are Messrs. Buck 
and Hickman. Limited, of 2, 4 and 6, Whitechapel- 
road, London, E. 1. 





NOTES ON NEW BOOKS. 

Everyone who has had experience in the control 
of steam plant must recognise the desirability of the 
men in charge of boilers being thoroughly conversant 
with the special features of the type of steam generators 
with thich they have to deal, and for this reason we 
welcome the publication of a small handbook entitled 
“* Boiler Inspection and Maintenance,” which has just 
come into our hands. The book, which is by Mr. Reg. 
Clayton, and published by Sir Isaac Pitman and Sons, 
Limited (Price 2s. 6d. net), is intended to promote 
efficient boiler inspection by giving full information 
as to the probable sources of trouble in boilers of 
various standard t and indicating how these 
troubles should be dealt with. The examination and 
maintenance of boiler accessories such as superheaters, 
economisers and fittings generally are also treated, 
and the advice given is of a thoroughly practical 
character in every respect. We can strongly recom- 
mend the book to all interested in the efficient and 
economical maintenance of boilers. 





In recording the activities of the British mercantile 
marine during the Great War, the difficulty lies mainly 
in selecting items of outstanding importance from 
others of almost equal interest and merit. This 
trouble, we feel confident, must have been experienced 
by Mr. H. W. Leslie, in preparing an account of the 
operations of the ships of the Royal Mail Steam Packet 
Company from 1914 to 1919, which has been published 
by Mr. William Heinemann, under the title “‘ The 
Royal Mail War Book,” at a price of 10s. 6d. net. 
Although much matter has, doubtless, been omitted 
by the author, the events chronicled form a narrative 
of absorbing interest, which give the reader a faint, 
but accurate, impression of the difficulties and dangers 
encountered by the men of the mercantile service in 
carrying on the nation’s maritime transport work. 
In all branches of this work, which included the trans- 
port of passengers and goods, troops and war supplies, 
the provision of prac. sown Poster cruisers, the con- 
veyance of sick and wounded, and the countering of 
German espionage and propaganda work, the ships 
and men of the Royal Mail Steam Packet Company 
played a part which, if equalled, can hardly have pore 
excelled. Probably it is typical of those of many 
other shipping companies, to all of which the nation 
owes more than is generally realised for the successful 
conclusion of the struggle, but the fact that this par- 
ticular record is presented in a concise, convenient and 
readable form, gives it a special advantage over those 
which are less easily accessible. The events recorded, 
some even humorous, but many tragic, are illustrated 
by numerous reproductions from photographs and 
drawings, and to select any of them for special reference 
is a task of almost equal difficulty to that of the 
original compilation. The one that seems to us to be 
the least easily forgotten is the torpedoing of the 
hospital ship Asturias, without warning, in the Channel 
on the night of March 20-21, 1917. Good fortune and 
excellent seamanship on this occasion, rendered the 
loss of life far less than was to have been expected, 
but this action and many others of a similar character 
set a stigma on the German nation that will require 
very many years completely to efface. 





OXY-ACETYLENE CUTTING MACHINES. 
(Continued from page 275.) 

In our previous article we described a portable 
machine for cutting metal up to 20 in. or 22 in. thick, 
in straight lines, or to circular profiles. We now pro- 
pose to describe two larger machines for dealing with 
work of any profile, using a drawing or template which 
a driven tracer is made to follow by hand. It will be 
remembered that the Camograph constructed by 
The Davis-Bournonville Company, of Jersey City, N.J., 
U.S.A., and described in our Vol. cix, page 606, is a 
portable metal cutting machine, mainly intended for 
cutting openings of the manhole class in plates, &c. 
That machine is automatic in that the torch follows 
and is held up automatically to a copying plate. The 
machines we are about to describe have a much wider 
range than the Camograph, but the guiding of the 
moving torch is controlled by hand. 

The machines we now intend to deal with are the 
No. 1A and No. 2A Oxygraph, also constructed by 
The Davis-Bournonville Company, of Jersey City. The 
No. 1A Oxygraph is illustrated in Figs. 8 to 11, page 
308. The machine consists of a pantograph gear carried 
by a standard fixed to a large bed. The bed is supported 
at a height of 2 ft. 6 in. from the floor, on two cabinet 
legs. The overall surface of the bed is 5 ft. 9 in. long, 
by slightly less than 1 ft. 10 in. wide. The pentegers 
column is at the left-hand end. At the right is a sliding 
table carried by two lengths of rolled 2}-in. by 2-in. 
steel joist. This table is of steel plate, and is 3 ft. 

uate. On it is laid out the drawing or template 
of the job to be done. The work is supported over the 
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THE OXYGRAPH OXY-ACETYLENE CUTTING MACHINE. 


CONSTRUCTED: BY THE DAVIS-BOURNONVILLE .COMPANY, ENGINEERS, JERSEY CITY, N.J., U.S.A. 









































middle of the bed by two lengths of deep section of 
steel joist. The bed is of skeleton form with two wide 
flat faces to support the sliding table and work joists. 
These faces are carried by deep longitudinals provided 
with stiffening ribs at intervals. At either end the bed 
is formed like a rectangular trough, but in the centre 
there is no bottom extending between the longitudinals 
which are thus spaced apart with an opening about 
12} in. wide between them. This will be clear from 
Fig. 11. This central opening is fitted inside with a 
thin sheet metal chute, below which is arranged a deep 
trough on wheels, which receives the debris from the 
cut. 

The pantograph column is 2 in. in diameter and is 
fixed in a tall boss which forms part of the bed casting 
and is well stiffened by ribs. The pantograph is of 
tubular construction, the diameter of the members 
being 1}in. The pivots are all fitted with ball bearings, 
including the supporting column. A reduction of 
one-half is made with this machine so that the drawing 
to be used on the table has to be twice full size. The 
torch and tracer are illustrated and are the same as for 
the No. 2A Oxygraph machine, to which we will there- 
fore pass at once. This machine will, we understand, 
be exhibited in use at the forthcoming Shipping. 
Engineering and Machinery Exhibition at Olympia, 

The No, 2A Oxygraph is illastrated in Figs. 12 to 19, 
page 309; this is a larger size machine, and reproduces 
cuts to the same scale as the model or drawing. The 
frame in this case consists of two 8-in. channels bolted 
to three leg castings. The length is 9 ft. and width 
across the top is 2 ft. 5 in., the height from floor to the 
top of the frame or bed is 2 ft.4 in. At the back of the 
machine two bracket arms are bolted to the end legs 
and a stay extends between them as shown in Fig. 14. 
These arms carry the pillars supporting the pantograph 
frames. The pillars are adjustable for height, being 
moved up and down by rack, and the hand wheel shown 
in Fig. 14. There are two frames connected by a 
crossbar at the front, ard by a second bar coupling 
the right-hand corner joiat of the two frames. Each 
framework is suspended from a pillar by two stays 
running from the pillar head to the parallel frames 
near the right and left-hand joints. The machine 
is fitted throughout with ball bearings. The main 
swivels on the pillars are fitted with the bearings 
shown in Fig. 18. Fig. 16 shows the bearings for the 
caps to which the supporting stays are attached. 
The two left-hand joints are shown in Fig. 17. In 
these joints the back limb is fitted with jaws, between 
which the end of the front limb is held by coned points 
adjusted in ball bearings. The two front joints are 
illustrated in Fig. 19. In this figure the central 
member is one of the front limbs of the pantograph held 
between the two jaws of the other. Outside the latter 
jaws are the bearings for the jaws of the bracket 
carrying the cross-bar coupling the two frames. Fig. 15 
shows the right hand joints of the frames, and the 
casting carrying the second cross-bar already referred 
to. 

The torch or torches, as the case may be, two being 
shown in adjustable holders on the front cross-bar in 
our illustrations, are similar to those of the No. 1 
machine. The motor-driven tracer is also similar. In 
the photograph reproduced in Fig. 14 the tracer is shown 


Fig. 9. 
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fixed to the cross-bar for use with a templet clamped 
to the slab being cut. The tracer may, however, be 
attached to a sliding arm to be seen in Fig. 13 set at 


right angles to the cross-bar, and capable of being | dra 


extended beyond the machine frame top to an adjust- 
able table, 36 in. square, placed in front of the 





machine. The work is supported on joists stretching 
across the frame. In both machines the connections 











GENERAL VIEW OF OxycGRaPH No. la. 


for the motor are joined up with the cutting oxygen 
cocks so that when the latter are opened the tracer 
wheel commences to travel over the templet or 


wing. 

The torch and motor-driven tracer suitable for either 
of these machines are further illustrated in Figs. 20 
and 21, page 310. The torch, Fig. 20, is carried in*a 
sleeve in which it can be raised or lowered to suit the 
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THE OXYGRAPH OXY-ACETYLENE CUTTING MACHINE. 
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Fig. 14. 
height of the work being operated upon. The milled 
head, and rack for this motion are clearly seen in 
Fig. 20. At the upper end of the torch are two cocks 
and a needle valve. These are arranged in a similar 
way to those previously described in connection with 
the Radiograph. The upper cock is for the pre-heating 
flame of acetylene ro a small supply of oxygen 





GENERAL View OF OxyGRAPH No. 2a. 


regulated by the needle valve, The lower cock is for 
the supply of oxygen for the cutting flame, and when 
this is turned on, the movement actuates an electric 
switch seen on the left side of the torch and cuts in the 
driving motor, which is shown in Fig. 21. The electric 
leads.in the No. 1 machine will be seen from Fig. 10jto 
be brought up to the pillar at the left-hand of vhe 
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machine, carried along inside the back members of the 
| pantograph, through the back hinge, and to the motor, 
| being branched to the torch up one of the front tubes, 
on the way. As already stated, the No. 2 machine is 
wired on similar lines, but the leads are not run through 
the tubular limbs. 

The motor-driven tracer is illustrated in Fig. 21. 
The motor is carried by a bracket on the end of the 
pantograph arm and drives the tracer wheel by means 
of as worm and a worm wheel on a vertical spindle 
passing down through the swivelling standard. At ite 
lower end the spindle has another small worm which 
drives a large toothed wheel on the tracer wheel through 
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THE OXYGRAPH OXY-ACETYLENE CUTTING MACHINE. 
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Fic. 20. THe Cutting Torcu. 











Fic. 23. Dre Biock ror SPANNER CUT WITH 
OxyGrRaPH MaAcHINE. 


intermediate gears. The tracer wheel itself has a 
milled edge, and a pointer extends from the fork of the 
standard to a point close to the rim of the wheel. 
The motor speed can be regulated, and the tracer is 
driven at the required rate along the desired profile, 
the guiding only being accomplished by hand. 

The work done with these two machines is very 
diverse in character. For instance, connecting rods 
about 16 in. long, with solid ends, have been cut straight 
out of billets 1} in. thick, and the square holes cut 
for the brasses in 8 minutes actual cutting time. This 
job is shown on the table in Fig. 11, page 308. The 
total length of cut, amounting to 60 in., is taken at a 
rate of 8 in. per minute. The time for forging a 
similar piece would, of course, be far more. 

Another connecting-rod job is shown in Fig. 22. 
Here the metal was 3} in. thick and the times were 
9 minutes for the big end and 6 minutes for the small 
end, the lengths of cut-being 30} in. in one case and 20 in. 
in-the other. The total consumption of oxygen was 
57-3 cub. ft. and of acetylene 3-466 cub. ft. 

A very neat piece of irregular work is shown in 





ENGINEERS, 


JERSEY CITY, N.J., U.S.A. 





Fig. 21. 








THE Motor-Driven TRACER. 
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Fic. 24. Cams Cut wirn OxyGraPH MacnHINE. 


Fig. 23, which illustrates a die for a spanner cut 
on one of these machines, with the piece cut placed 
behind. For die work these machines present many 
advantages. Die work as a rule involves a good deal 
of preliminary machining and the drilling out of the 
block and subsequent finishing by machine and hand. 
Usually a die made in this way warps when hardened 
and requires grinding up again or packing in the press. 
In cutting by the oxy-acetylene process the block is 
preheated and cut before planing, and while hot is 
placed in an annealing box, in which it is slowly allowed 
tocool out. This process is found to relieve the internal 
stresses in a much more satisfactory manner, so that 
after finishing and hardening failures from cracking are 
practically eliminated. Another example of irregular 
cutting is illustrated in Fig. 24, the two cams measur- 





fthe davit post socket 3-19 dols. 








Biooxs Cut out or Connectinc-Rop Enps. 


ing about 3 in. by 5in. and 3 in. by 9 in., respectively, 
for an automatic screw-machine, and cut from }-in. steel 
plate in approximately 3 minutes each. As will be 
gathered, the No. 1 Oxygraph is used for the smaller 
class of work, including die work of all description. 

The No. 2 Oxygraph is used for larger work, either 
employing one torch, or more, according to the job. 
This machine has been used for cutting out the side 
frames of mine locomotives, tadpole ends of rudder 
forgings out of 10}-in. ingots, crank webs, mast bands, 
connecting rods for locomotives, quadrant,. Jinks, 
eccentric rods and many other engine parts, &c,. The 
cut may be started at an edge, or at a perforation made 
by the torch, if the piece is not convenient to drill with a 
starting hole. A typical job on which the No. 2 machine 
has been used is the cutting of mast bands from the 
solid, instead of finishing them by forging. In one case 
of bands for an 8}-in. mast with two single and two 
double lugs the net cost to forge and finish forge was 
194-79 dols., compared with a cost of 136 dols. for 
cutting out of a rough forging ; the blocks were 6 in. 
thick and the rate of work 5 in. to 6 in. per minute. 
Another instance may be given of a davit collar cut 
out from a solid rectangular block forging 6 in. thick, 
in 15 minutes, at a total labour cost of 1-05 dols., 
using 207 cub. ft. of oxygen, making the cost for labour 
and gas, of shaping the outside contour and cutting 
Three-throw crank- 
shafts have been cut from forgings 18 in. in diameter 
and 6 ft. long, cutting out the complete blocks between 
the webs in about 8 minutes, compared with the 
previous method of saw cutting between the webs 
and then breaking out the central piece. 

With the extension bar fitted to the cross bar of the 
No. 2 machine, and the torch carried on this extension 
piece very large work can be satisfactorily accom- 
plished. For instance, torpedo-boat bulkheads have 
been perforated by lightening holes ranging from 6 in. 
to 14 in. by 17 in., by means of this outfit, the plates 
measuring 9 ft. by 14 ft. 

Interesting instances of work done with these 
machines could be cited in numbers, but it is un- 
necessary to multiply them. The question of the effect 
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of the cutting flame on the quality of the metal | is, | 


however, of importance. In this connection tests 
on chrome-nickel steel may be quoted, in which steel 
containing 1-25 per cent. to 1-75 per cent. Ni, and 
0-45 per cent. to 0-65 per cent. chromium, was cut 
and tested after machining. Compared with hot sawn 
pieces the oxy-acetylene method of cutting appeared 
to produce no untoward effect. The same applied to 
a test of 3-5 per cent. nickel steel. In ordinary work 
a four-throw crank shaft of 0-35 carbon steel was 
cut, and test coupons cut from one of the blocks 
removed. These were planed down with a } in. cut 
and were subjected to bending on an Olsen machine. 
The pieces bent double without sign of hardening 
cracks. The thickness of steel cut was 7}in. and the 
oxygen pressure used 80 lb., the area cut per cubic 
foot of oxygen being 3 sq. in. 

The last instance we give is of die-block cutting 
in steel containing 0-54 carbon, 0-80 chromium, 
1-62 nickel. The thickness of metal was 12} in., 
and length of cut 14}in. Oxygen was used at a pressure 
of 140 lb., 105 cub. ft. being consumed. The cutting 
speed was 3 in. per minute, and the area per cubic foot 
of oxygen 1-7 sq. in. 


(To be continued.) 





THE NEALE SUBMARINE LIFTING 
MAGNET. 

On Wednesday last, at the Albert Dock, we witnessed 
the trials of a new lifting magnet designed for use 
under water in connection with the work of wreck 
removal, and also for salvage operations and other 
work of a similar character. The body of the magnet, 
which is of cast-steel and is octagonal in plan, measures 
3 ft. between the sides, and is only 2} in. thick with a 
circular hole 1 ft. in diameter in the centre. The 
windings are enclosed in water-tight casings and fitted 
into four circular recesses in the lower, or working, 
face, and they are so arranged that the intervening ridges 
of metal form five annular pole pieces of opposite 
sign. Narrow spaces are left between the winding 
casings and the body, and holes drilled through the 
latter communicate with these spaces, so that water 
can circulate round the windings to cool them and 
allow a comparatively high current density to be 
employed. A shackle connected to steel plates bolted 
on to the top of the body is provided to enable the 
magnet to be attached to a crane hook. 

The magnet, we understand, is intended mainly 
for lifting masses of ships plating detached from a 
wreck by explosives or other means, and it will be 
obvious that, by dividing up the working face into 
narrow rings as above described, a strong field, and 
consequently a powerful lifting effect, can be obtained 
in a comparatively thin plate. The actual lifting force 
of the magnet employed, we were informed, was from 
10 tons to 15 tons, with a current of 16 amperes at 220 
volts pressure, but the lifting power naturally varies 
according to the degree of contact obtainable. The 
magnet itself, it may be mentioned, weighs only 7 cwt. 

To demonstrate its capacity, a number of heavy 
bodies, including a piece of steel plate 4 in. thick, a 
complete railway crossing, a piece of boiler plate about 
6 ft. square, and three steel joists clamped together 
weighing 2} tons, were dropped into the dock in about 
30 ft. of water. All were afterwards successfully 
recovered from the mud at the bottom of the dock 
by searching for them with the magnet. Some 
difficulty was certainly experienced with the railway 
crossing, which, when invisible, would naturally be 
a troublesome object to attach a magnet to. The 
services of a diver had, in fact, to be employed to secure 
the necessary contact. Another slight mishap, which 
might really go unrecorded since it could so easily have 
been avoided, was the detachment of the magnet from 
the crane hook on the bed of the dock; neither of 
these circumstances, however, can be regarded as a 
reflection on the efficiency of the magnet. This is 
certainly materially higher than that of some magnets 
already on the market, as the following particulars of 
& comparative test will show: A certain magnet pur- 
chased from stock was used to lift two rolled-steel 
joists measuring 12 in. by 12in. by }in. thick, each 
30 ft. long, and weighing approximately 5,500 Ib. 
together. This magnet weighed 55 cwt., and the power 
absorbed for the hft was 8 kw., whereas the Neale 
magnet, which, as previously mentioned, weighs only 
7 cwt., required only 1 kw. for the same lift. 

Similar magnets are, we understand, being designed 
by the Neale Magnet Construction Company, Limited, 
7, Suffolk-street, Pall Mall East, S.W.1, for various 
industrial applications, one of which is the lifting. of 
red-hot plates and sections in rolling mills. For this 
work the windings are cooled by a blast of compressed 
air, Magnets suitably designed on the principle out- 
lined above can, of course, be employed for the more 
usual applications of lifting cold plates and sections, 
Pig-iron, scrap, magnetic materials in boxes, &c., but 
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the one actually used in the demonstration is unsuitable 
for continuous working in air, since water is relied 
upon for cooling the windings. 








MECHANICAL DOUBLE REDUCTION 
GEARING. 
To THE Eprror or ENGINEERING, 

Srr,—I have read with much interest Mr. J. H. 
Macalpine’s Appendix (page 179 ante) to his paper on 
*‘Mechanical Double Reduction Gearing,’ written in 
the light of Messrs. Walker and Cook’s paper at the 
meeting of the Institution of Naval Architects, and the 
discussion thereon, I hope Mr, Macalpine has contri- 
buted these views to the ceedings of the Institution 
so that. the authors of the paper may be in a position 
to reply formally to the statements he has made 

I regret that, so far as Mr. Macalpine’s comments on 
my remarks at the discussion are concerned, he has 
been somewhat misled by an abbreviated report. Istated 
that, as an Admiralty Inspector, it was one of my duties 


to investigate the causes of breakdowns of Parsons 
turbines, not ‘“‘breakdowns of gearing.” Knowing 
Messrs. Parsons’ methods to be sound and their designs 


to be correct, it was by analogy that I concluded that 
any gearing troubles that have manifested themselves 
were also largely to be attributed to bad workmanship 
or carelessness—certainly not to design. Further, 
Mr. Macalpine seems to think that I cast doubt on the 
authors’ suggestion that “higher tooth loading was 
practicable.”’ As a matter of fact, I was merely asking 
for information as to ships which had high constants, 
and which had operated for comparatively long periods 
at these relatively high loadings. 

Mr. Macalpine gives us a list of some 17 ships having 
high coefficients which have carried out long distances 
without giving any trouble. We have, however, no 
guarantee that these vessels have been actually worked 
at their designed full power. The ships are, it is believed, 
of the small cargo carrying type. What we do know is, 
that a large number of ships built in the States have had 
their mechanical reduction gearing removed, and elec- 
trical drive substituted, owing to the unsatisfactory 
working of the mechanical gearing. It is hardly fair 
to make a statement showing successes unless this 
statement is accompanied by the list of failures, It 
would be interesting if Mr. Macalpine would tell us if 
the failures were also fitted with floating frame gears. 

In my remarks regarding the ss. Cameronia, built 
by my firm—Messrs. William Beardmore and Co., 
Limited, of Dalmuir—I stated that we had not, during the 
trials, been allowed to steam the vessel at her full-designed 
power, and that the coefficient had only reached 170. 
Since that time the Cameronia has steamed over 20,000 
miles, being now on her fourth trip home from New York, 
and westapl up to the full designed figure on her last 
voyage. The reports of the operation, and condition, 
on examination of the gear, are extremely satisfactory, 
and the tooth loading on the second uction pinion 
has now exceeded 1,100 Ib. per inch run, and the constant 
220. An independent engineer, who has recently made 
the trip from Glasgowin this ship, and has had experience 
of an exceedingly large number of ships, has stated that 
“for smoothness and quietness of operation, he has yet 
to come across this ship’s equal. The vibration is nil 
at full power, and the noise not in excess of that of a 
first-class single-reduction gearing.” I mention these 
facts to bear out the contention in my remarks on 
Messrs. Walker and Cook’s paper, that first-class material 
and workmanship will give the most excellent results, 
and that it is simply to defects in these particulars 
rather than to design, that the early troubles with 
mechanical Pha Race sad ce gearing must be principally 
attributed. The Cameronia’s gearing has been opened 
out and examined each time the vessel has arrived in 
the Clyde, and is in beautiful condition. Messrs, Lloyd's 
representatives were invited to inspect the gearing on 
the last occasion, and made complimentary remarks. 

I am, Sir, 
Yours faithfully, 
W. Owvyon. 
Naval Construction Works, 
Dalmuir, Dumbartonshire. 
August 23, 1921, 





THE JUNIOR INSTITUTION OF ENGINEERS, 
To THE Eprror or ENGINEERING, 

Srr,—Your leading article of the 12th inst. appears 
most peers 9 for in the opinion of many of the 
well-wis of the Junior Institution of Engineers, 
the Institution, on its present course, is drifting to 
inevitable disaster. The writer, whoever he may be, 
is doing @ real service to the Juniors by his candid com- 
ments and warni If his identity were revealed, I 
should not be at all surprised to find that he is one of 
those who had the joy of living as a member in the 
exhilarating atmosphere of the Institution ago, 
when “founded for the Junior members of the pro- 
fession’’ was established as its guiding principle. 

Until recent years the full meaning of this phrase has 
been exemplified in all the Juniors’ doings. Surely, no 
member has the idea of eliminating ‘“‘The Junior’’ from 
the title of the Institution ; and yet when one sees in 
recently-issued notices, &c., these words so much reduced 
in proportion to “Institution of Engineers ’’—well— 
verbum sat sapienti. But ish the thought—-moreover, 
there is an Institution of Engineers in India. 

With Mr. Tennant’s letter in your present issue I am 
in full agreement, excepting as regards the inference 
which I draw from its concluding sent as toi 
ing the subscriptions. Certainly, costs have gone up, 
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and revenue must be obtained to meet then», but I suggest 
that it should be by some other means than by the 
ap tly simple one of piling up the subscription. 

_——— | of those starting on their career to-day 
are not better off than were they who found the Institu- 
tion such a help to them in its early years., The old 
subscription was one guinea per annum, payable in 
half-yearly instalments. A ‘society for the young 
beginner should be placed within his reach. How éan 
he join if the subscription is prohibitive ? 

As a member since December, 1884, I earnestly hope 
that acting on the advice of their old friend ENGINEERING, 
steps will be taken without delay to restore to .the 
Institution its original characteristics, 

T am, yours faithfully, 
Watrter T. Dunn. 
The Institution of Gas Engineers, 
30, Grosvenor-gardens, Westminster, 8.W.1. 
August 22, 1921. 


To tHe Eprror or ENGINEERING. 
Sra,—As a member for over 20 years, I should like 


to o“ my be fee Se my f <r 
with, your article on the revolutionary proposa ing 
the Junior Institution of Engineers, we 

The meeting at which these proposals were brought 
— was called for July 8 last, at a week's patice, 
and a sub t ti mont 





ng was called for 
to confirm the decision of the previous meeting. It 
would be interesting to know the number of members 
present, and voting, at these meetings. 

Usually no meetings are called in these months, as 
there is no ibility of any adequate attend , and 
it seems unfortunate that so important a matter should 
have been rushed through in the holiday months. 

If these proposals are carried out the Institution will 
lose its distinctive character and another Institution— 
not ashamed of being called Junior—will have to be 
formed to carry on the work and keep alive the old 
spirit which the present Institution would relinquish. 

here is no use for an Institution such as would result 
from the proposed re-organisation. 

I am, Yours truly, 
“ PaTEenT.”’ 





London, 
August 23, 1921. 


To THe Eprror or ENGINEERING, 

Sir,—Referring to the editorial in your issue of the 
12th inst, dealing with the above, the very kindly 
reference you have made to the Junior Institution of 
Engineers has been greatly appreciated, and the comments 
upon what has unfortunately been coasidered—erro- 
neously, I submit—as a change of policy on the part of 
the Council of the Institution have been particularly 
noted, 

It is to be regretted that the Council, owing to this 
being the holiday month, will not meet again until 
the third week in September, but the matter will then 
be put before it for full discussion. 

Yours faithfully, 
W. A. Tooxry, 
Hon. Secretary and Treasurer, 
Junior Institution of Engineers. 
39, Victoria-street, Westminster, 8.W.1. 
August 24, 1921, 





JUBILEE OF THE JAPANESE GOVERNMENT 
RAILWAYS. 


To THE Eprror oF ENGINEERING, 

Sir,—May I crave the hospitality of your columns 
in an endeavour to collect whatever information * can 
for the purpose of the above-named Jubilee ? 

The chairman of the Committee of the Government 
Railways Jubilee, writing recently to me from Tokio, 
makes the following request :— 

“The Japanese Government Railways is going to 
celebrate the fiftieth anniversary of its inception in 
October this year. In connection with this, we shall 
be much obliged if you will kindly let us know the name, 
address and brief record of career of any British subjects 
who came over to Japan to serve in our railways and are 
still alive.” 

Fifty years is a large span in the career of the active 
man, but should this request arrest the attention of any 
reader who went to Japan to assist at the birth of the 
Japanese Railways, I should be greatly obliged if he 
would communicate with Mr. U. Beppu, the chairman 
of the Jubilee Committee, or with me as acting for the 
Committee. 

Yours faithfully, 
Gro, CAWLEY, 
82, Victoria-street, London, 8.W.1. 
August 23, 1921. 





InpusTRIAL ADMINISTRATION.—A ments _ have 
been made by the Manchester Municipal College of 
Technology for a course of leetures on Industria] ‘Adoin- 
istration. The scheme of studies will deal with Indus- 
trial History, Labour Aspirations and Economics,;. the 
Technique of Management and personal questions. The 
scheme is, it will be seen, a comprehensive one ; but it 
may be difficult to secure really competent and trust- 
worthy lecturers. Probably the majority of University 
lecturers on economics and similar subjects, have the 
characteristics of the lawyer and politician, rather than 
those of the engineer, and are accordingly more anxious 
to make out a case for their own , than 
to establish by observaton and (where possible) by 
experiment how policies really do work out in practice, 
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THE DRYSDALE STUD EXTRACTOR. 


Iw repair and maintenance work it is often necessary 
to extract studs, while in new work it is of course 
constantly necessary to drive them. The methods 
and appliances used in re for these operations vary 
from the crude but usoful kink of two locked nuts, to 
elaborate devices which are often more costly than 
they are worth. A simple extractor which was origin- 
ally introduced in a Scotch shipyard is illustrated in 
Figs.'1 and 2 herewith. It is known as the Drysdale 
stud extractor and is manufactured in several sizes 
by Messrs. Alfred Herbert, Limited, Coventry. The 
illustrations are practically self-explanatory. The 
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extractor consists of a body, one end of which is split 
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after the manner of a collet. The outside of this body 
at the split end, is tapered, while the inside is bored 
and tapped to the stud size. At the other end the 
body is screwed, and finished with a square end to fit 
a tap wrench or spanner. Over this body screws a 
sleeve bored at the bottom end to a taper corresponding 
to that on the body, and cut on the outside to form a 
hexagon nut. 

In use for driving a stud the body is screwed over the 
stud and the sleeve tightened down, the stud being 
thus gripped by the split ends of the body. If the 
square end is held for a moment and the hexagon nut 
turned back the tool is released. In extracting when 
the tool has been screwed on to the stud the square 
end is held while the sleeve is tightened up and, when 
tight, the stud can be withdrawn by screwing back by 
means of a wrench on the square end. 





Rock Satt iy tae Unirep Srates.—The United 
States, favoured as to petroleum, also seem to be favoured 
as to the deposits of rock salt. According to the United 
States Geological Survey a large bed of rock salt extends 
from Northern Kansas in a south-westerly direction 
across the States of Oklahoma, part of Texas and New 
Mexico into Western Texas, in a belt about 650 miles 
long and from 50 miles to 150 miles wide. The rock 
salt is found at depths ranging from 300 ft. down to 
700 ft. Assuming an average thickness of a layer to be 
200 ft,, the deposit would contain 30,000 billion tons of 
salt, @nd would thus probably be the largest, rock salt 
deposit of the world. 


Exptosives 1x 1920.—The annual Report of HM. 
r of Explosives for 1920, records a further 
diminution in the number of factories on the books, 
133 against 147 in 1919, which is mainly due to the amal- 
—- of the chief manufacturers into the firm of 
obel’s Industries, Limited. Compared with 1885, the 
increase in the number of employees, 7,484 then, against 
13,103 now, is much more s'riking than the increase in 
the number of factories, 108 to 133, The imports of 
explosives amounted to 433,650 Ib., and 389,989 Ib. of 
aluminium torches made up the main bulk of these 
imports. Thirteen new explosives were submitted for 
examination, and two of these were rejected. The quan- 
tities of explosives used in mines have not fluctuated 
much during the war years; they amounted to 
30,215,155 Ib. in 1915, rose to 31,737,651 Ib. in 1917, and 
to 27,139,391 Ib. in 1919. The number of 
accidents due to explosives are of the order of the aver. 
ages of the ten years before the war ; in the 1905 
to 1914, there were, on an average, 434 accidents per 
year, Sg 56, and injuring 434 people. For the 
year 1920, numbers were 438 accidents, these result- 
ing in 50 deaths and 455 cases of injury; 76 of these 
accidents were connected with the manufacture of the 
explosives, killing two people and injuring forty-four. 


PNEUMATIC GRAIN-DISCHARGING AND 
SACK-HANDLING PLANT AT BORDEAUX. 


Durtne the war the port of Bassens, on the Garonne, 
close to Bordeaux, was developed partly by the French 
Government, but. to a greater extent as a base for the 
American Army. The development thus brought 
about has been turned over successfully with several 
alterations, to the requirements of ful commerce. 
A company known as the Union Commerciale de 
Bordeaux-Bassens was formed, we believe, in 1918, to 
develop, among other things, the grain handling 
facilities of the port, and we are enabied in this issue 
to illustrate the thoroughly up-to-date plant which 
has just been compl for this p A jeity 
150 yards long is made use'of for Verthing the ships. 
On this jetty are two travelling pneumatic grain- 
discharging installations, delivering on to elevated 
belt conveyors running the length of the wharf. These 
conveyors in turn deliver to others running at right 


angles to them, back to silos of 7,500 tons capacity, 


whence the grain may be sacked off and stored in ware- 
houses having an aggregate floor area of 12,000 sq. 

This area consists of five sheds of reinforced 
concrete, all served by belt conveyors and double 
railway tracks. General section and lay-out of the 
plant are given in Figs. 1 and 2, Plate XV, with this 
week’s issue of ENGINEERING, and elevations to a small 
scale in Figs. 5 and 6 show the arrangement of the 
gantries carrying the belt conveyors. Figs. 3 and 4 
give sections of the silo building, &c. A general view 
of the installation is given in Fig. 17, page 316, in 
which the various features above referred to will be 
easily recognised. 

The pneumatic plant is unusual in that the vacuum 
pumps or exhausters are in the building annexed to 
the silos, and at a considerable distance from the 
moving towers on the wharf. To connect the two, 
24-in, steel mains are run along the conveyor gantry, 
comnecting with 20-in. mains along the wharf conveyor 
gantry. Flexible connections from these to the 
towers may be made at 20 different points. The con- 
veyors have a combined capacity of 300 tons per hour, 
so that the towers, each of 150 tons capacity, can be 
at work close together or far apart discharging on to 
both of the wharf belt conveyors. The capacity of the 
belts ing thence to the warehouse is also sufficient 
to take the combined output. These conveyors can, 
if necessary, also handle grain in sacks straight to or 
from the warehouses. The contractors for the plant 
were Messrs. Thomas Robinson and Sons, Limited, of 
Rochdale,. who manufactured and supplied the me- 
chanical conveying plant. The steel structural work 
of the gantries and of the travelling towers was 
sub-let to Messrs. Edward Wood and Co., Limited, 
Ordsal-lane, Manchester, while the pneumatic dis- 
charging plant on the towers, and the exhausters 
were supplied by Messrs. Robert Boby, Limited, of 
Bury St. Edmunds, who are associated with Messrs. 
Vickers, Limited. We shall deal first with the fixed 
part of the plant, namely, the arrangement of the 
gantries, conveyors, warehouses, &c., then taking the 
vacuum pumps and leaving the travelling towers for a 
subsequent article. 

The try along the quay has a length of 328 ft., 
while that leading back to the warehouse has a length 
of 445 ft. These structures, as previously stated, were 
supplied and erected by Messrs. Edward Wood and 
Co., Limited. They are illustrated, the former in 
Fig. 5, Plate XV, and the latter in Fig. 6, while Fig. 12 
herewith ishows a typical cross-section at one of the 
larger trestles. On the wharf section the gantry 
consists of light girders, of 53 ft. 3 in. spans, except 
at the centre where junction is made with the gantry 
running to the warehouse, where extra trestles are 
introduced. In the latter gantry the spans vary 
very considerably owing to the necessity of clearing 
railway tracks, &c. Two are 107.ft. 7} in. 
long and the underneath head room is 18 ft. on this 
section, against 16 ft. 6 in. at the wharf try. 
The trestles, one of which is illustrated in Fig. 12, 
have, in the case of the larger gantry, a spread at 
the base of 17 ft., between the centres of the legs, 
reduced to 9 ft. 2} in. at the top. They are for the 
most part made up ‘of 10-in. by 5-in. rolled steel 
joists for the legs, with 3-in. by 3-in. by ,',-in. bracings, 
except in three instances in which the legs are of 
12-in, by 6-in. joists, these being for the longer spans. 
The trestles for the wharf gantry have a spread at the 
base of 10 ft, 8 in. The trestle illustrated in Fig. 12 
shows the gangway for the double conveyor leading 
back to the warehouses. This is considerably wider in 
section than the gantry along the wharf which ‘only 
accommodates single conveyor belts of 27 in. width. 
The re ae 12 has a width between 
tes Bent 8 ft. 74 in. and a height from floor to cross- 
tie of 8 ft. 4 in., and accommodates two 27-in. belts, 
The structures are covered with galvanised sheeting, 
and are amply provided at the top and bottom wi 





wind bracing as the site is an exposed one. Openin, 
with sliding doors are provided in the wharf Sealy. 








At the point where the two gantries join, the trestles 
are sheeted in to form a motor house for the conveyor 
motors, of which there are two of 20 h.p. at this point 
for the wharf conveyors. -Coming now to the belt 
conveyor plant itself, which was supplied by Messrs. 
Thos, Robinson, the conveyors are arranged as 
shown in Figs..7 to 9, Plate XV, at the junction of 
the wharf belts with those leading to the warehouse. 
When handling sacks the wharf conveyor ends are 
maintained horizontal, and the sacks are delivered 
satisfactorily to the cross-conveyors. When, however, 
grain in bulk is being handled the end of the belt is 
raised by means of hinged frames, one of which is shown 
in Fig. 8. The raised position is.indicated in dotted 
lines, and when adjusted in height in this manner 
the grain is di over the end into a hopper 
(shown in dotted lines) which guides it on to the cross- 
conveyor, The frame carries the n end drum 
and rollers, and below the belt is led off to the tensioning 
gearas shown. The adjustment for height is made by 
a crank and bevels working screws in swivel nuts on the 
main frame. 

The grain discharged from the wharf conveyors is 
taken to the warehouse on two bands, 27 in. wide, 
running at a speed of 540 ft. per minute, worked by 
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two 35 h.p. motors situated at the inshore end. These 
deliver bulk grain into chutes leading to the silo 
elevator, but when handling sacks deliver to two other 
band conveyors, one of which runs on under the five 
sheds, while the other runs under four only. These 
conveyors are in two sections, one inclined worked by 
motors of 20 h.p. and long horizontal sections passing 
underground also worked by 20-h.p. motors, Each 
shed is furnished with a conveyor running down its 
centre, which can be fed from the main conveyors. 
All these shed conveyors are driven by 20-h.p. motors, 
and are 22 in. wide, working at a normal speed of 
200 ft. per minute. These features may all be clearly 
followed in Figs. 1 to 4, Plate XV. 

To bridge the gap between the end rolls of the main 
conveyors, and their continuation in the form of the 
inclined sections, when handling sacks which have to 
be conveyed to the sheds direct, an idler frame is let 
down into the intervening space, carrying 5-in. standard 
rollers.. This is illustrated in Figs. 10 and 11. The 
frame consists of cast-iron arms with counterbalance 
weights, and its arrangement will be clear from our 
drawings without further description, 

When grain in bulk is coming in on the main con- 
veyors, on entering the warehouse it is di into a 
hopper, whence a bucket elevator working in a trunk 
carries it to the top of the silo building, whence it may 
be distributed to any of the silos. This bucket 
elevator is of six-ply 17-in. Balata belting fitted with 
buckets 16 in. by 7 in., with a pitch of 8 in. Below 
the silos are 27-in, band conveyors driven by 10-h.p. 
reversible motors, these conveyors taking in or 
sacks to cross-conveyors in an extension of the second 
shed, from which distribution is possible to any of 
the sheds, As all motors are reversible, sacks can be 
handled in either direction, either from ship to shore 
and loading on the railway, or vice versa, When 
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EXHAUSTERS FOR PNEUMATIC GRAIN-HANDLING PLANT AT BORDEAUX-BASSENS. 


CONSTRUCTED BY MESSRS. ROBERT BOBY, LIMITED, ENGINEERS, BURY ST, EDMUNDS. 
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loading sacks from shore to ship use is made of a chute 
which is fixed to the gantry framework as indicated in 
Fig. 9, the sacks being discharged through openings in 
the gantry side. The silos are each fitted with the Pot- 
tinger distributor, which is designed so as to ensure the 
heavier grain being distributed round the walls and the 
lighter deposited in the centre. If this be done, 
when drawing off below, an even mixture is secured, 
whereas with the- usual method the heavier grain 
discharges first, and the difference between early and 
the later qualities may be as much as 4-5 lb. per 
bushel. The Pottinger distributor consists of a box 
containing a screen, through which the lighter grain 
passes, while the heavier is delivered over the edge. 
The two qualities combine in a graded stream which 
falls over a distributor. Below each silo is fitted with 
a 100 kg. weigher. Fig. 18, page 316, shows a view 
of the ground floor of the silo house, with the 
weighers, and grain being sacked off. As already 
stated, the whole of the mechanical conveying and 
elevating plant, weighers, &c., was supplied by Messrs. 
Thomas Robinson and Sons, Ltd. 

The vacuum pumps which formed part of the work 
supplied by Messrs. Robert Boby, Limited, consist of 
two electrically-driven sets of the vertical reciprocating 
type. Each set has two cylinders with cranks at 90 deg. 
They are illustrated in Figs. 13 to 16, annexed, and are 
also well shown in the view Fig. 19, page 316. The 
cylinders are 45 in. in diameter, and the stroke 20 in. 





The arrangement of the valves is shown to a larger 
scale in Fig. 16. The pistons have tail rods which 
work in guides above the cylinder cover. These guides 
with the cross-heads which work in them, are set at 
right angles to the main column guides and the main 
cross-heads. The pistons are of cast-iron, of box- 
pattern and fitted with a renewable solid ring. The 
valves are 5} in. in diameter. There are 17 inlet valves 
and 19 exhaust valves at each end of each cylinder. 
The inlet valve seatings are held in the cylinder 
casting by distance rods provided with a right and 
left-handed nut as shown in Fig. 16. Studs screwed 
into the ends of these rods form the guides for the 
valves and hold in place the lift plates. The exhaust 
valves are in the top and bottom covers. The seatings 
for these valves are pressed in with aslight taper fit, and 
are held by smal] grub screws. The air is drawn in 
through a large opening 15 in. in diameter, in the body 
of the casting, and on discharge from the cylinder 
passes into covers, whence it is returned to a 
portion of the cylinder outside jacket and discharged 
through a central opening 18 in. in diameter. 

The crosshead slippers are of cast-iron babbited, 
and have an area of 90 sq. in. vee yg 
3 in. by 6 in.; the main bearings are 7 in. in diameter 
by 10 in. wide, while the crank pins are 7 in. by 6 in. 

The drive from the motors is through reduction 
gearing of the double helical type with staggered 
teeth. The large wheel on the pump shaft has 82 teeth, 








Fig. 44. 
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while the pinion on the motor shaft has 22 teeth. 
The teeth are of 1-5 D.P. with 13 in. face and designed 
for transmitting 250 brake horse-power. The motors, 
made by Messrs, Sandycroft, Limited, are of this horse- 
power, and are of the open, protected cascade induction 
type, with a of 487 r.p.m., working with three- 
phase 50-cycle current at 440 volte. The starters are 
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of the liquid type, totally enclosed, operated by worm 
gear. 

The speed. of the pumps with this drive works out at 
130 r.p.m. We may add the pump flywheel is 9 ft. 
in diameter and has a 14-in. face. flywheel is 
designed to keep the total variation within 1-5 per 
cent., i.c.,0°75 per cent, on either side of the mean. 
Crossover connections enable either pumping set to be 
used with either main to the towers. The working 
vacuum is from 8 in. to 10 in. Hg., and at full power 
each pump takes about 220 brake horse power. The 
capacity of each tower is at the maximum = tons per 


hour, when the pipes are dipping verti ry 4 into the 
centre of the hole The vertical aan these pipes, 
amounting to about 20 ft., average rate 


of discharge to be kept very ‘heat. the maximum. 
(To be continued.) 





INDUSTRIAL NOTES. 

Tae Ministry of Labour states that during July 
employment, though still bad generally, began to show 
signs of recovery in some industries after the termina- 
tion of the national coal stoppage. In some cases, 
particularly iron mining and pig-iron manufacture, 
work continued to be almost entirely suspended, and 
in others, including iron and steel and tinplate manu- 
facture and the textile trades, unemployment and 
short-time working were general. In the pottery 
trades, where a rapid recovery was made, and in the 
building trades employment generally was fairly good. 
The percentage unemployed among members of trade 
unions from which returns are received fell from 23 -1 
at the end of June to 16-7 at the end of July, and the 
percentage unemployed among workpeople insured 
under the Unemployment Insurance Act fell from 
17:8 at June 24 to 14-8 at July 29. The coal mining 
industry is excluded in calculating the trade union 
percentages for June; the Unemployment Insurance 
percentages for June include those coal miners who 
were entitled to claim unemployment benefit under 
the Act, but not those who ceased work owing to the 
trade The total number of workpeople regis- 
tered at the Employment Exchanges as unemployed 
on July 29 was approximately 1,780,000, of whom 
1,351,000 were men, 317,000 were women, and the 
remainder were boys and girls. On June 24, the cor- 
responding number was 2,178,000, of whom 1,549,000 
were men and 478,000 were women. In addition to 
those unemployed, 278,000 males and 256,000 females 
were registered as working systematic short time on 
July 29 in such a manner as to entitle them to benefit 
under the Unemployment Insurance Act or the Out-of- 
Work Donation Scheme, On June 24 the correspond- 
ing numbers were 490,000 males and 343,000 females. 
At that date, however, owing to the dispute, persons 
in the cotton industry were not eligible for the benefit, 
whereas on July 29, 96,000 cotton operatives were 
claiming the benefit. ' The number of vacancies notified 
by employers to the Exchanges and unfilled at the end 
of July was 25,000, of which 5,000 were for men and 
16,700 for women. 


Changes in rates of wages, reported as having come 
into operation in July, in the industries for which 
statisties are compiled by the Department, affected over 
3,600,000 workpeople, of whom less than 5,000 received 
increases, ‘The net effect of all the changes was a 
reduction in weekly full-time wages of about 1,070,000/. 
The principal groups of workpeople affected included 
coal miners, whose wages were reduced by 2s. or ls. 5d. 
per shift in the case of those 16 years of age and over, 
and by 1s. or 8$d. per shift in the case of those under 
16; workpeople in the engineering trades, in which 
the decreases amounted to 3s. per week in the case of 
time workers and 7} per cent. in the case of piece 
workers ; railway servan‘s, who sustained reductions 
of 5s, and 2s. 6d,:per week in the case of men and boys 
respectively ; wool textile operatives in Yorkshire, 
whose basis rates and the “‘ cost of living’ wage payable 
thereon were both reduced, the total reduction amount- 
ing to about 16 per cent, on the rates previously in force ; 
and building trade labourers at all the important towns 
in Great Britain except Liverpool and Birkenhead, who 
sustained a decrease of Id. per hour. Since the begin- 
ning of 1921 changes in rates of wages reported to the 
Department have resulted in a reduction of about 
2,840,000. in the full-time weekly wages of nearly 
5,700,000 workpeople, and an increase of about 75,000/. 
in the full-time weekly wages of over 300,000 work- 
people. 


The number of trade a involving ey 
of work reported to the Department as beginning 
July was 40. In addition, 54 disputes which bow 
before July were still in progress at the beginning of 
that month. The total number of work people involved 
in all disputes in progress at any time in July (including 
those Prem out of work at the establishments where 
the disputes occurred, though not themselves parties 





to the disputes) was about 1,127,000 as compared with 

1,535,000 in the previous month, and 90, ,000 in July, 
1920. The magnitude of the figures for June and July 
was, of course, due to the national stoppage in the coal 
mining industry. As, however, this dispute was 
settled on July 1, and the resumption of work began 
on July 4, the amount of time lost in July was much 
less than in June. The estimated aggregate duration 
of all disputes during the month (including days lost 
at collieries, subsequent to the settlement of the national 
dispute, in consequence of delays in restarting) was 
over 6,300,000 working days, as compared with nearly 
30,000,000 days in June, 1921, and 950,000 days in 
July, 1920. 

The estimated aggregate duration of all disputes 
reported during the first seven months of the present 
year was approximately 84,000,000 working days. 





On August 2, the average level of retail prices of all 


the commodities taken into account in the statistics | b 


prepared by the Ministry of Labour (including food, 
rent, clothing, fuel and light, and miscellaneous items) 
was 122 per cent. above that of July, 1914. The corre- 
sponding figure for July 1 was 119 per cent. 


In the course of the annual conference of the Miners’ 
Federation held at Llandudno last week the questions 
of a maximum working week in all districts of five 
shifts, a national six-hour working day and the abolition 
of piece work were considered, and it was decided, 
owing to the present economic position of the coal 
industry, to allow these demands to stand over for 
the present. A resolution put forward by the Mid- 
land Federation was passed, viewing with regret the 
failure of the Government to introduce legislation 
for the nationalisation of the mining industry, and 
resolving to combine to educate and organise working 
class opinion until Government was compelled to 
bring about this fundamental change in the ownership 
and management of the industry. Mr. Herbert Smith 
was re-elected vice-president and will continue as acting- 
president until a president has been elected. 





It is stated that the Notts Miners’ Association is in 
debt to the extent of 150,000/. Unemployment in the 
Durham coalfields is said to be increasing day by day, 
a number of collieries not having resumed work at the 
end of the coal strike. The Merthyr miners are 
making a levy of 2} per cent. on the wages of the 
men at work, in order to afford assistance to the 
unemployed miners in the district. 


An example of trade union tyranny and pitiable 
failure to realise the present economical position both 
in this country and in all other countries who are en- 
deavouring to re-establish their finances on a sound 
footing after the waste of the war, is afforded 
by the fact that whilst the moulders employed 
by Messrs. Fodens, Limited, Sandbach, were quite 
ready to agree in April last to a reduction in 
their wages the officials of the National Union 
of Foundry Workers called the men out. The men 
have thus been on strike since that date. On the 
union asking the firm to grant an interview for 
considering the situation, Mr. Twemlow, one of the 
directors, replied that the firm did not see what good 
could come from it, adding that the country was much 
poorer now than it was before the war, and could not 
afford to pay more for goods now than it did then. 
Nothing could have saved the situation but greater 
production at such rates as would make things as cheap 
as they were before the war. The unions objected to 
the means of attaining thisend, such as bonuses on out- 
put, and some went even as far as to preach ca’ canny. 
The unions, therefore, Mr. Twemlow, further stated, 
by their shortsighted policy have forced upon them- 
selves the only alternative, and that is, before trade 
can revive, wages will have to come down to pre-war 
level. This was not the desire of the firm, and as they 
had many times told their men, if they could sell their 
wagons for 3,000/. each they could afford to pay each 
man 12/. a week, and they would be pleased to do so. 
‘* Did it not appear farcical to the union,” the director 
further said, *‘ to be seriously asking for an interview 
to fix the men’s wages when there was practically 
no work to be done and no wages to be paid ?”’ 

According to The Iron Age, New York, Pittsbargh 
in 1920 had 2,253 industries reporting to the Penn- 
sylvania Department of Internal Affairs. In 1919 
reports were received from 1,775. The industries 
last year gave employment to 118,954 persons, and in 
1919 to 90,254. The persons employed in the city 
last year in industry included 107,922 males and 
11,032 females. They were paid a total wage of 
$210,224,110 as compared with $117,602,200 in 1919. 
The capital invested in the industries of the city last 
year amounted to $469,286,200 against $354,042,800 
in 1919. Industrial products turned out in the city 
last year were valued at $889,531,900, an increase 





of 47-6 per cent. over 1919, when the value was 
$602,582,800. Pittsburgh's metal products were worth 
$536,359,300. 

We referred in our last issue to the wage difficulty 
which has arisen in the chemical trades. An un- 
successful conference at which various wage reductions 
were reviewed, was held last Tuesday in London between 
the employers and the workers’ representatives ; 
the matter was then immediately reported to the 
Ministry of Labour. The strike notices directly 
affect about 30,000 workers; the notices were served 
on the employers on the 13th inst., and if no com- 
promise is arrived at they will take effect as from 
to-morrow. The Ministry of Labour is taking steps 
to bring the employers and workmen in conference 
again to consider the situation further. 

The latest figures of British coal output are given 

y the Board of Trade as follows: For the week 
ending July 23, 4,334,200 tons; July 30, 4,592,500 
tons; August 6, 3,623,200 tons; August 13, pro- 
visional, 4,537,300. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The possibility of an improvement on 
a large scale in armament manufacture is indicated by 
Mr. W. Clark, the Master Cutler of Hallamshire, who is 
also a director of one of Sheffield’s leading engineering 
concerns, Mr. Clark says that in the near future as soon 
as the details have been settled of the necessary ships 
that a great maritime power and a great Colonial Empire 
require, there will be no more unemployment in Sheffield 
of men who are looking seriously for work. When these 
orders come to hand every trade in Sheffield will fee! 
the benefit. Prices of raw and semi-finished materials 
are gradually reaching a level at which they should 
attract business, Current quotations for steel are: 
Siemens acid, 16/. ; Bessemer acid, 15/7. 10s. ; hard basic, 
13/., and soft basic, 127. Further revisions are looked 
for when the reduced price of coke is reflected in pig iron 
charges. The demand for acid steel is on a slightly 
improved scale. Rolling mill proprietors have serious 
complaints to make respecting the quality of recent 
consignments of Belgian pigiron. An increased tonnage 
of hematite is coming into this area. The quotation for 
mixed numbers is maintained at about 160s. The foreign 
textile trades are doing an active business with Sheffield. 
Home collieries are buying sparingly from machinery 
makers. Business in agricultural machinery, both for 
home use and shipment, is distinctly dull. The most 
active branch of the tool and implement trades is that 
concerned with the production of machine tools. A 
healthy demand is experienced for builders’ ironwork 
and fittings. 

South Yorkshire Coal Trade.—The refusal of engineer- 
ing masters and steelmakers to renew contracts at 
current rates is having an adverse effect on production. 
Collieries are becoming congested with fuel under load, 
and in some cases are having to restrict output. The 
prospect of cheaper rates is also influencing inland con- 
sumers to adopt a more cautious policy in renewing 
stocks. Railway companies are still taking big tonnages 
of steam fuel, but there are fewer buyers of gas coal 
among public utility concerns. The increased demand 
for coke, following the recent cut of 15s., has given a 
slight impetus to the demand for small fuels. Slackness 
in the house coal market continues. Busy times are 
predicted during the coming winter if householders 
continue to hold off the market. Quotations: Best 
branch handpicked, 40s. to 41s.; Barnsley best Silk- 
stone, 40s, to 41s. ; Derbyshire best brights, 38s. to 39s. ; 
Derbyshire house coal, 37s. to 38s.; Derbyshire best 
large nuts, 348. to 35s. ; Derbyshire small nuts, 33s. to 
348,; Yorkshire hards, 35s. to 36s.; Derbyshire hards, 
348, to 35s. 6d.; rough slacks, 22s. to 248.; nutty 
slacks, 208. to 22s.; smalls, 13s. to 16s, 





Suez Cana Trarric.—A statement giving particulars 
of traffic through the Suez Canal in 1919 has just been 
published although it was prepared as far back as April 
of last year. From this we learn that 3,986 vessels, 
with a total net tonnage of 16,013,802, passed through 
the canal during the year under consideration, and that 
70-9 per cent. of this tonnage was of British nationality. 
Japanese vessels accounted for 9-1 per cent. of the total 
tonnage, Dutch vessels for 4-7 per cent., and French 
vessels for 3 per cent. As would be expected the year 
was exceptional on account of the large volume of traffic 
due to the repatriation of troops, 386 warships and trans- 
ports passing through the canal as well as 752 vessels under 
Government charter. These vessels together accounted 
for 4,266,940 net tons or nearly 27 per cent. of the 
total. Of the remainder, 2,068 with a total tonnage 
of 8,542,596 were merchant vessels; 303, totalling 
1,525,139 tons, were mail steamers, and 477, making 
1,679,127 tons, were vessels in ballast. The nature 
of the traffic is also indicated by the fact that of the 
total number of passengers carried on vessels passing 
through the canal, 394,224, or 75 per cent., were military 
129,477 were civil, ahd a further number of 3,801 were 
classified as ‘“‘special.’’ the total thus amounting to 
527,502. Vessels navigating by night and day took 
an average time of 15 hours 33 min. for the passage 
through the canal, while the corresponding figure for 
those navigating by day only was 21 hours 53 min. 
The total receipts for the year amounted to 144,983,678 
fr., or 8-5 fr. per net ton of shipping using the canal. 
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‘NOTES FROM CLEVELAND AND THE 
is ‘ NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business in Cleveland 
pig iron is still very quiet. Though only one firm is 


making No. 3 G.M.B. for sale in the open market, supply 
is quite sufficient to meet the meagre Seated. The price 
of the ruling quality remains at 135s. There is no No. 1 
Cleveland or siliceous iron to be had. Foundry 4 is 
fairly plentiful, and is offered rather freely at 125s. or 5s. 
below the at which it has been quoted for some 
time past. The inferior grades are quite a drug on the 
market. ‘Makers experience much difficulty in inducing 
customers to reduce stocks by ing purchases at 
117s. 6d. for No. 4 forge and mottled, and 115s. for white 
iron, 


Hematite.—With two furnaces now producing hematite 
there is rather more of that commodity available for 
sale, but supply is none too plentiful. For home pur- 
poses No, 1 is 162s. 6d.; and Nos. 1, 2 and 3 are 1608, 
These rates also rule for shipment abroad though it is 
still possible to place export orders at alittle below home 
quotations, 


Foreign Ore.—So far as is ascertainable no effort is 
being made in the direction of resumption of business of 
any importance in foreign ore. Consumers’ stocks are 
heavy, and there are still large deliveries to be made 
against old contracts. 


Coke.—As was anticipated coke is falling rather 
rapidly. Whilst some firms are inclined to hold out for 
more no difficulty is experienced in purchasing Durham 
blast furnace kind at 35s. delivered. Local consumers 
consider the price should not be more than 30s., and 
there are rumours that it can be bought at near that 
figure. 

Manufactured Iron and Steel.—New finished iron and 
steel orders are very difficult to secure. Works are only 
moderately employed, and some are shut down altogether. 
A fall of 40s. in boiler plates and 20s. in shi plates, 
angles and joists is only what was anticipated. Belncipal 
market quotations stand: Common iron bars, 161. ; 
market bars, 20/.; steel billets (medium), 12/. 10s, ; 
steel billets (hard), 137.; steel boiler plates, 19/.; steel 
ship, bridge and tank plates, 14/. ; steel angles and joists, 
137. 108.; tees, 141. 10s.; rounds and squares, 131. ; 
flats, 14/.; heavy steel rails, 14/.; fish plates and 
sleepers, 19/.; black sheets, 17/. 10s., and corrugated 
galvanized sheets, 211. 108. 





PERSONAL.—We understand that Messrs. Manning, 
Maxwell and Moore, Incorporated, 119, West 40th Street, 
New York, N.Y., U.S.A., are now represented in this 
country by Mr. F. E. Bayley, A.M.I.E.E., whose office 
is No. 1, Lincoln’s Inn-fields, London, W.C.2. 





FREE British PROPAGANDA AT THE TRIESTE SAMPLES 
Fatr.—The authorities of the annual Trieste Samples 
Fair, which opens on September 11, have invited H.M. 
Government to form a British propaganda and informa- 
tion bureau at the fair. The stand has been placed at 
the disposal of the British Consul-General free of charge, 
and the organisation of the bureau has commenced. 
Trade catalogues, photographs and general literature 
will be displayed on the stand and information supplied 
in response to commercial inquiries. There will be no 
expense to United Kingdom firms whose literature is 
displayed at the propaganda bureau apart from the 
cost of forwarding it to Trieste. Further information 
should be applied for immediately at the Department of 
Overseas Trade, 35, Old Queen-street, 8.W.1. 





THe Late Mr. Jonn Henry Dewnurst.—We regret 
to have to announce the death, which occurred recent] 
at his residence, Beechy Knowle, Richmond, Sheffield. 
of Mr. John Henry Dewhurst, chairman and managing 
director since 1902 of the Dewhurst Engineering Company, 
Limited, Sheffield. Mr. Dewhurst was born in Manchester 
in 1854, and was educated in Sheffield. He received his 
engineering training with various firms in Sheffield and 
in Manchester, and was subsequently engineer and chief 
engineer of various iron and steel companies, down to 
1891. In the latter year, he joined his father’s business, 
the firm being John Dewhurst and Son until 1902, when 
it was converted into a limited company. He was the 
designer and patentee of the “‘Dewhurst’’ system of 
slag ladles and cars and other steelworks plant. Mr. Dew- 
hurst was a member of the Institution of Mechanical 


NOTES FROM THE NORTH. 
Griascow, Wednesday. 

State of Trade.—There has been little or no improve- 
ment in the state of trade.in general throughout the 
country during the past few weeks, and the future is 
somewhat obscure in the meantime. The holidays in 
the manufacturing districts are mostly finished now, 
but in few instances has the restart been a very active 
one, because of the r state of order books. Condi- 
tions al] over are rather unsettled and no buying move- 
ment or even inclination to buy is noticeable. The great 
demand is for lower prices, but labour, naturally 
desirous of selling its goods in the dearest market, is 
unwilling to accept any reductions proposed in w 
and so selling departments are hard put to it to offer 
their products at prices agreeable to buyers, when, in 
so many cases, the foreigner is able to underquote at 
several pounds per ton. The Scottish steel makers have 
taken 1/. per ton off their prices, but iron is still un- 
changed. The ineering works are not, over all, 
busy and a retiieed working week is still fairly general, 
and the same applies to the shipbuilding industry. One 
rather bright ‘feature in connection with the latter is 
that the joiners having settled their difference, are 
returning to work this week, after a strike which has 
lasted since last December. During those nine months, 
much fitting-out and repair work has been lost to 


Scottish rr and the Clyde firms in particular have 
suffered rather severely. ‘Textile firms. are moving very 
slowly, and 


F cage 4 the trade outlook is far from 
reassuring. ith the official termination of the war 
at the end of this month, the Ministry of Munitions’ 
12} per cent. war bonus wili probably be taken off 
workers, and manufacturers will be placed in a better 
ition to shade prices and encouragé business. Fuel 
eased in price, but the demand from industrial 
concerns, as well as from householders, is so smal] that 
many pits are only working a part of the week, and stocks 
at the pit head are increasing. A further fall in prices 
is expected shortly, and this will greatly assist business, 


Scottish Steel Trade.—The only item of any note in 
connection with the Scottish Steel trade this week is the 
intimation by makers of another reduction of 1/. per ton 
in prices. The last reduction about a couple of months 
back was not very fruitful, and the foreigner continued 
to pick up the most of the business passing, with the 
result that since the works were reopened a few weeks 
ago, there has been very little doing. The new level 
to which ee have been brought is in the hope of 
inducing the home buyers to place locally some of the 
orders they have on hand, but the difference between 
these quotations and those of the Continental producer 
is still too large to hope for any big buying movement 
at present. Order books are very bare and the various 
establishments are not being kept in full operation, so 

r is the current demand for all classes of material. 

he new quotations are as follows :—Boiler plates, 19/. 
per ton; ship plates, 14/. per ton ; and angles, 13/. 10s. 
per ton; all delivered at Glasgow stations, and subject 
to the usual extras. Makers of steel sheets are finding 
things a trifle stiff at present largely owing to keen 
competition from the Continent, and little fresh busi- 
ness is being booked, but there are a few export orders 
in the market. 


Malleable Iron Trade.—The manufacture of malleable 
iron in the West of Scotland is of very small proportions 
at the present time as the demand is not heavy. The 
figure which the local makers require on account of the 
high cost of production is all against any opening out 
of business, and until lower quotations are possible, flat 
conditions are likely to continue. ‘Crown "’ bars are 
quoted round 16/, per ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—The conditions in the 
Scottish pig-iron trade have varied very little of late, 
and although some of the blast-furnaces have m re- 
kindled, the production overall is still very small. The 
ee with regard to foun iron is slightly improved 

ut there is still a scarcity, Inquiry is slightly better, 
but the actual demand has not improved to any extent. 
Prices show no change, but forward rates are inclined 
to be softer, which would tend to the belief that easier 
quotations may be expected at no distant date. 


The Ship Joiners’ Strike.—Reports to hand from the 
Clyde shipyards to-day show that the joiners who have 
been on strike since December 1 last, made a very satis- 
factory start this morning. The total number who 
went on strike was round about 4,000, and of that 

ber something like the half of these obtained 





Engineers since 1895, and since 1903 a member of the 
Iron and Steel Institute. 





Tue Testine or Fusion WELpiInG.—In the course of 
an article on the possibilities of fusion welding, The Iron 
Age, New York, states that a number of ideas have been 
suggested for the testing of welds. Some shops require 
their welders to make sample welds each month, pe 
are tested and the results posted on a blackboard for all 
the shopmen to read. This has both its advantages and 
disadvantages, Another plan is to cut out a section of 
a weld where thisis practicable, and to examine it for 
fusion and porosity. If the welder does not know just 
when his work is to be tested he is likely to be forced to 
constant care. There are cases where welders are 
required, after making a good sized weld, to stamp their 
initials and the date alongside of the job so that there 
can be no question as to responsibility of workmanship 
if the weld fails. The testing of welds is a matter of 
vital importance, and it is of interest to learn that a 
special committee of the American Welding Society is 
devoting donsiderable attention to the question at the 
present time. 





employment elsewhere, but a very large proportion 
presented themselves at the gates this morning being 
eager to return to their old jobs. There is quite a lot 
of fitting-out work to commence to, and many other 
tradesmen who were affected by the joiners being on 
strike will once again obtain employment. 





THe SHRAWARDINE TRIALS OF AGRICULTURAL TRaC- 
tors.—The annual tractor trials of the Society of Motor 
Manufacturers and Traders will be held this year at 
Shrawardine, about six miles from Shrew , during 
the five days September 20 to September 24 inclusive. 
Shrawardine is reached from Shrewsbury by a. local 
train service, and, in addition, the Midland Motor 
Omnibus Company, Limited, are running 8 special 
ew Seem *bus service from Shrewsbury to the ground. 

mpetitors are restricted to the entry of two machines 
only of any one make or type, but even so, 37 tractors 
are ente In addition to these, 25 special implements 
have been entered for test and report. There is also 
to be an extensive exhibition of power farming machinery, 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday, 

The Coal Trade.—Though the tentative inquiry has 
broadened and inquiries are more numerous, actual 
business remains very restricted, as buyers continue 
to follow a hand-to-mouth policy. In fact, most of the 
inquiries about are considered more as feelers and un- 
likely to lead to definite business. Important negotia- 
tions in respect to arrears and balances of Italian con- 
tracts have been concluded. At the end of last year 
contracts were made for 1921 delivery at prices ranging 
from 908. to 97s. 6d. per ton f.o.b. for large, 858, for 
through, and 60s. to 65s. for best steam smalls, The 
three months’ coal strike interrupted these deliveries, 
while prices have materially fallen since these contracts 
were arranged. It has now been mutually agreed to 
deliver the balance up till the end of the year, which 
involves over 500,000 tons, on the basis of 408. to 45s. 
per ton f.o.b, for best large. Meanwhile current market 
values are irregular and entirely dependent on individual 
circumstances, It is very difficult to actually gauge 
prices as only buyers with definite business are in a 
position to test values. Best Admiralty large, however, 

from 34s. to 35e.; second Admiralties, 3ls. 6d. 
to 32s, 6d. ; best Monmouthshire large, 30s. to 32s. 6d. ; 
best dry large, 33s. to 35s.; and ordinary dry lafge, 
308, to 32s. 6d. Best steam smalls are from 18s, to 
198. 6d.: ordinaries, 16s. to 17s. 6d.; cargo smalls, 
128. 6d. to 15s.; and dry smalls from 9s, to 128, In 
the bituminous section, No. 3 Rhondda large and smalls, 
which are a market on their own, are worth respectively 
round 47s, 6d. and 30s.; but No, 2 Rhondda largé is 
round, 30s.; throughs, 20s. to 24s.; and smalls, 16s. 
to 188. Patent fuel is weaker, at 32s. 6d. to 35s., and 
pitwood has dropped from 37s. 6d. at the beginning of 
the week to 30s. Foreign cargo exports of coal in’the 
past week totalled 300,000 tons, or 6,000 tons less than 
the previous week’s record quantity for this year. Ship- 
ments from Cardiff at 213,000 tons established a reeord 
for the year. Exports to South America at 41,000 tons 
were also the highest for any single week this year. The 
British coaling stations also took a record quantity with 
60,000 tons. Patent fuel exports totalled 34,000 tons, 
the highest for the year, and the bulk of this was sent 
from Swansea, which port shipped 22 cargoes, totalling 
26,000 tons, to 18 different destinations. 


Iron and Steel.—Recent inquiries, which it was hoped 
would have been the forerunner of a revival in the tin- 
plate trade, have not matured into actual business, In 
consequence, sellers have again become pessimistic. 
In fact, mills which had re-started have been compelled 
to close for want of orders. At present outputs repre- 
sent only about 25 per cent. of the normal, Prices range 
from 228, 6d, to 24s. 6d. for standard boxes, Sheet and 
tin bars are unchanged at 8/. 10s., with the general 
position dull. Belgian bars are lower at 61. f.o.b., and 
it is reported South Wales buyers have placed an order 
for 30,000 at a lower figure. 








British Stanparp SPEciFICATION FoR TRAMWAY 
Tyres.—A British Standard Specification for Tramway 
Tyres (No. 101, 1921) has now been published by the 
British Engineering Standards Association. In this the 
profile of tread and flange originally standardised and 
issued in the British Standard Specification for Tramway 
Rails in 1903, has been retained, but in place of the 
varying widths of tyre then provided to suit the British 
Standard Sections Nos. 1 to 5, one uniform width has 
been adopted suitable for rails having a tread of 24 in., 
which dimension is being recommended for the revised 
rail sections now under consideration and approaching 
issue, This width is that of the British Standard See- 
tion No. 4, probably the most extensively used of the 
Standard Sections. Three diameters of tyre are pro- 
vided for, namely, 32 in. and 33 in., for tramway driving 
wheels and 22 in. for pony truck wheels. A plate 
attached to the specification gives the finished sizes and 
the rolling allowances for machining. Metric equivalents 
of the British measures are given, but a note to the 
specification makes it clear that the latter are to be 
regarded as the standard. The specification may be 
obtained from the offices of the British Engineering 
Standards Association, 28, Victoria-street, 8.W.1, or 
from Crosby Lockwood and Son, Stationers’ Hal]-court, 
E.C.4, price ls. 2d, post free. 





A VariaBie Puatinum Resistance.—The oes 
arrangement of a variable resistance is descri An 
preferable to the ordinary slide wire arrangement’ by 
O. Maass and C. H. Wright, of Toronto, in the journal 
of the American Chemical Society of May last. A 
platinum wire is vertically stretched in a glass tube, | em. 
or 2cm. in diameter; the wire is sealedin at the top 
and bottom of the.tube with the aid of special cement. 
The lower end of the tube communicates by a bent 
branch tube with a closed bath of mercury of greater 
volume than the tube. From this bath rises another 
vertical smaller glass tube which has itself severa) hori- 
zontal branches ; the first leads to a large bulb, the second 
is a capillary, the third uppermost branch is fitted with a 
tag and is bent down and up again, being open at its 
extremity. ‘After evacuating the apparatus mercury 
is distilled into the basin and into the lower portion of the 
wire tube ; the level of the mercury can be altered at will 
and the resistance of the platinum thus be varied. The 
platinum wire remains always in the vacuum, and the 
ordinary fluctuations in the contact resistance are 


eliminated. The wire used has a length of 50 cm.and a 
resistance of 1 ohm. and 0-2 mm. of platinum correspond 
to0-002ohm. After using this resistance for eight monthe 
Maass and Wright found that the platinum resistarce 
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BRITISH REPRESENTATION ABROAD. 
Dvurine the years of the war our engineering 
shops were filled with work of such immediate 
urgency that not only had the normal export trade 
to be for the time forgotten, but overseas offices 
were closed and foreign connections abandoned ‘in 
the concentration of effort which the times de- 
manded. Now that the world trade is once 
more being reorganised on a peace basis and in 
accordance with the changed political conditions 
which the war has brought about, it is well for 
the British manufacturer to review the situation 
carefully and consider what steps he should take 
to re-establish his position. Matters are by no 
means where they were left in 1914. Foreign 
customers have been forced to find alternative 
sources of supply, and trade rivals have established 
themselves in markets once almost entirely held 
by British manufacturers. The impossibility, more- 
over, of obtaining even spare parts of machines 
from England, during the war has in many cases 
resulted in grave inconvenience to users of British 
machinery, and has caused a prejudice against 
dealing with a far-off country which has been culti- 
vated for all and more than it is worth by com- 
petitors whose works were nearer the customer. 
British trade abroad has now to be built up again, 
and the opportunity should be taken to reconstruct 
it on much more effective lines than in the past. 
Everyone who has had an opportunity of studying 
British trade from the standpoint of an overseas 
consumer, knows how deplorably many of our 
manufacturing firms mishandled their opportuni- 
ties before the war. Not only did they show no 
energy in securing trade, but even in cases where 
a buyer, influenced by favourable knowledge of 





British machinery, and possibly also by a senti- } “ 


mental attachment to the ‘Old Country,” has 
placed inquiries with them, their methods of dealing 
with such inquiries have often been such as to make 
business practically impossible. Prices quoted 
“f.o.r our works, packing for shipment extra,” or 
even “‘ f.o.b. Liverpool or equal” are very little use 
to a man on the other side of the world with no 
means of finding out freights and duties. Quota- 
tions in sterling to a customer who keeps his books 
in another currency are almost equally futile and 
irritating. To tell a buyer in Canada, for example, 
that the machinery he wants will cost him 10,000I. 
f.o.b. Liverpool, is practically to inform him that 


Union | his order is not considered worth the trouble of 


quoting properly for. The American, German or 
Swiss manufacturers will tell him, as a matter of 
course, exactly what he wants to know, namely, 
how many dollars he will have to pay for the 
machinery delivered in his own town. Somebody 
has to take the trouble of finding out freight rates 
and duties, and somebody has to bear the risk of 
a fluctuating exchange. This somebody must be 
the manufacturer, if he is quoting in competition, 
for when all is said and done the buyer is master 
of the situation, and, other things being even 
approximately equal, he will place his order with 
the firm that makes it easiest for him to do busi- 


7 | ness. 


To conduct an effective overseas business, it is, 
however, absolutely necessary to have some res- 
ponsible representative on the spot whose duty it 
is to keep in touch with prospective buyers, obtain 
inquiries and follow up tenders. In this respect 
many British firms have been deplorably lax. They 
have entrusted their interests too often to some 
agent in the country, known to them perhaps only 
by correspondence, and without either the technical 
knowledge or the authority to negotiate any 


395 | important contract. The territory allotted to him, 


although not looking impressively large in the map 
of a continent, may be thousands of square miles in 


1}extent, and the distances between the important 
, | towns so great that the time and expense of travelling 


across the country is quite prohibitive in the case 
of all but the largest contracts. Under such con- 
ditions it is not surprising that numerous openings 





for the firms’ products are never heard of, nor that 
many an order is lost because the inquiry could not 
be properly followed up. A certain number of 
orders will, of course, be booked annually, and the 
home firm complacently congratulates itself upon 
the trade it is doing in that country, never realising 
that ten or twenty times as much business could be 
obtained were its representation more efficient. 
A method adopted by some manufacturers, is to 
come to an arrangement with a firm of machinery 
agents abroad whereby the latter take into their 
employment an engineer from the manufacturers’ 
works, whose primary duty it is to look after the 
interests of the home firm and to deal with all 
business concerning their products. This enables 
the home firm to take full advantage of the local 
knowledge of the agents, and at the same time to 
feel sure that technical matters are competently 
handled. An engineer sent abroad in this manner 
will probably be listened to when he recommends 
certain modifications of design or variations of 
practice to suit the special requirements or pre- 
judices of customers in that part of the world. He 
can give his principals valuable information as to 
impending contracts, and keep them advised of the 
general trade conditions. He becomes, indeed, if 
he is the right sort of man, an exceedingly valuable 
outpost of the home establishment, both technically 
and commercially. The local agents, on their 
part, benefit by his success, and the arrangement 
should be satisfactory to everybody concerned. 
The proper type of man is, however, essential and 
even if such-men were commoner than they are, the 
employment of them in the manner indicated would 
only be possible to a comparatively few manu- 
facturers, because a limited number only can be 


absorbed by overseas agents. 


The most effective representation of all is for the 
home firm to open an office in its own name, and 
put this in charge of a responsible practical engineer, 
who can devote his whole time to the development 
of the firms’ business. The moral advantage of 
a local habitation and a name” in conducting 
business abroad is very great, as the customers feel 
that they are dealing as directly as possible with the 
firm itself, and will receive first-hand information 
and advice from someone competent to give it. 
An overseas office should always have at its disposal 
at least one first-class mechanic, preferably trained 
in the manufacturers’ works, who can go to any 
part of the territory for the erection or repair of 
the firm’s machinery, or to rectify any causes of 
complaint. Many a machine installed overseas 
gets a bad name for itself and its makers, simply 
because it is badly erected or operated. Few firms 
realise how much they owe, for good or bad, to their 
erectors abroad. Such men come naturally into 
intimate contact with the customer and his operat- 
ing engineers, and prospects of future business will 
depend very largely upon the impression of the 
firm which is unconsciously conveyed by the erector. 
If he is competent, quick, and can gain the respect 
and liking of the purchaser of the machinery and 
his staff, a very great deal has been done towards 
booking further orders in that part of the country. 
Conversely, an incompetent or disagreeable man 
will do the goodwill of his employers a vast amount 
of harm. To imagine, as some erectors sent out 
from England appear to do, that their knowledge 
is so immensely superior to that of the local engineers, 
that they can afford to ignore all advice and despise 
the warnings of experience, earns the contempt 
that they deserve, not only for themselves, but 
for their firm. They should realise that men who 
operate plant in the wild places of the earth are of 
necessity men of capacity, or they could not do 
it at all, and furthermore such men may have had 
in their youth a sounder mechanical training and a 
better education than the erector himself could 
lay claim to. An erector’s job abroad is not one 
to be entrusted to some young man who has a 
“* pull” at the works, and who anticipates a pleasant 
holiday. It should be reserved for the very best 
and most trustworthy practical man available, even 
if only for the good impression of the firm that 
such a man will create among the people with whom 
he is brought into contact. 

Inextricably bound up with the sale of machinery 
abroad is the question of repairs and spare parts. 
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Every foreign traveller, when seeking an order, must 
have been met with the question of when and how 
soon spare parts can be obtained in the case of 
breakdown. It is no use to reply, even if it is 
practically true, that a breakdown is not to be 
anticipated. The buyer knows, often from sad ex- 
perience, that the most unlikely accidents may 
happen, especially to machinery operated by un- 
skilled and somewhat reckless labour. He thinks 
it unreasonable that he should be expected to stock 
a complete set of spare parts himself in readiness 
for every possible contingency, and he is uncom- 
fortable at the prospect of having to send to England 
for them if wanted. This would generally mean 
many months of delay and the possibility of all 
kinds of misunderstandings and mistakes. It is, 
therefore, essential, if overseas trade is seriously 
contemplated, that spare parts should be available in 
the country in which the machines are working. 
If the buyer knows that they actually exist on his 
own side of the ocean, even though they are still 
a thousand miles or more from his works, he feels 
comparatively safe, knowing that they can be 
forwarded by express in response to a telegram. 
The expense of stocking spare parts, and even 
machines of small or standard type, in a distant 
country, is very small indeed compared with the 
benefits of having such a stock on the spot. Not 
only are prospective buyers re-assured, but many an 
order for new plant can be obtained if instant 
delivery can be given. The overseas buyer, owing 
to the shortness of his working season or to the 
rapidity of some development, often wants 
machinery in an extreme hurry. He will accept 
anything which will do the job rather than wait, 
and will not hesitate about price if the machine 
can be put on rail right away. 

To revert to the case of the manufacturing firm 
which entrusts its foreign interests to the care of 
an agent, overseas buyers often express astonish- 
ment at the kind of agent in whom some British 
firms will place their confidence. An incompetent 
or unscrupulous agent is so detrimental a represen- 
tative that unless a firm can spare some responsible 
member of the staff to make investigations on the 
spot, the services of the local British Trade Com- 
missioner should be invoked. The Trade Commis- 
sioners have special facilities for obtaining know- 
ledge, and much invaluable advice is freely at the 
disposal of any British firms who will take the 
trouble to ask for it. Firms who ignore the assist- 
ance offered by the Government in the matter of 
protection against unsuitable agents have only 
themselves to blame if the arrangements they enter 
into turn out to be unsatisfactory. The best agent 
in the world, however, cannot develop trade unless 
his efforts are properly seconded by the home firm, 
who must honour his promises and permit him a 
reasonable latitude in making them. He is bound 
to be better informed as to the conditions of the 
local market than they can be, and his advice ought 
never to be ignored, except for imperative reasons. 
Finally, an agent is worthy of his hire, and his 
commission should be liberal, especially during the 
first years when work is entailed in getting every 
order. Some firms, very wisely, arrange in their 
agreements with agents, that the commission shall 
commence at an exceptionally liberal rate, and shall 
be reduced year by year in accordance with the 
presumably less work and expense required to obtain 
orders. 











FUTURE NAVAL POLICIES. 

Towarps the end of April last, the French naval 
journal, Moniteur de la Flotte, invited French naval 
officers of all ranks who teok part in the late war 
to set forth their views as to the perspective from 
which future wars on sea would have to be con- 
sidered, prominence to be given particularly to the 
naval policy to be adopted by France, and also 
to the methods and arms by means of which they 
considered that policy should be carried out. A 
number of contributions were received, and our 
contemporary has published several of them. We 
propose to give in the present article a brief 
abstract of the views expressed therein. It may 
be stated in the first place that, as was to be 
expected, no definite programme can be evolved on 














having presumed, and very rightly so, to possess 
what we may term a panacea capable of meeting 
all the eventualities likely to arise. Moreover, in 
the case of France, as in that of those other 
nations whose finances have been depleted by the 
gigantic struggle which was thrust upon civilisation 
by Germany, and from which the world has only 
recently emerged, a future naval policy is bound up 
with financial limitations, and this fact acts as a 
very effective check even upon the expression of 
a mere opinion as to any future policy, whether 
concerning naval enterprise or any other kindred 
undertaking. 

As was to be expected also, and as we fully anti- 
cipated when we were first aware of our contem- 
porary’s intention, practically every writer whose 
contribution we have seen lays special stress upon 
the very great value of aircraft and upon the effec- 
tive part this is sure to play in any future naval 
conflict. One of the French naval officers expresses 
the opinion that aeronautics has become “a naval 
force,” which France should develop actively, since 
it can contribute to her military power and, in 
peace time, contribute also to her economical life 
by furthering commercial intercourse between the 
metropolis and the French colonial possessions. In 
his view, aeronautics may even become the most 
important branch in the Service of any nation. 
This fact, quoting the same expert, has even 
now been most clearly recognised by Germany, the 
“eternal nation of prey,” who, under the pretext 
of establishing regular postal and commercial com- 
munications by air, is now building a powerful 
fleet of aircraft capable of being enlarged by thou- 
sands of units in a few weeks only of industrial 
mobilisation for war. 

In regard more particularly to naval ships, whilst 
every writer very justly advocates for France the 
formation of a fleet commensurate with her stand- 
ing as a great Power, her extensive coast line on 
the Atlantic Ocean and on the Mediterranean, and 
her commerce and colonies, varying opinions are 
expressed as to what should be the composition of 
such a force. One French officer defines the duty of 
the French Navy as follows :—({a) Coast defence ; 
(6) the cutting-off of enemy supplies ; (c) the protec- 
tion of French convoys ; and (d) the attack on the 
enemy’s coasts and territory. Coast defence would 
be effected by every available signalling means, 
including aircraft, by long-range guns mounted on 
land batteries, by land torpedo batteries, mine 
laying and mine sweeping ships. The attack of 
enemy convoys would be entrusted to blockading 
submarines of average size and average surface 
speed, armed with guns and _ torpedo-launching 
tubes, aided by light cruisers of about 7,000 
tons displacement, having a very high speed, ex- 
cellent seagoing qualities and a large radius of 
action, these light cruisers being armed with two 
large calibre guns, carrying a scouting aeroplane 
and fitted with a powerful wireless telegraphy 
installation. As regards the French convoys, these 
could be protected by large cruising submarines 
having a displacement of 3,000 tons and a surface 
speed of 18 knots, aided by light cruisers. There 
would be held in reserve, to await the time for 
acting under the most favourable conditions against 
all or part of the enemy’s forces, a battle fleet 
formed of a number of battleships armed with 
the greatest possible number of 400-mm. (15}-in.) 
guns consistent with a displacement of 25,000 tons 
to 30,000 tons. Range-finding on board the battle- 
ships would be assisted by aircraft, and scouting 
would be carried out by submarines, dirigibles, 
seaplanes and cruisers. Destroyers would accom- 
pany the battleships. Attacks on the enemy’s 
coasts and territory would be entrusted to the 
air fleet. ‘This same officer, when referring 
to the German submarines which were present 
at the Jutland Battle, states that the part these 
craft played on that occasion was an insignificant 
one, although about 100 British surface ships 
were concentrated in waters easy of access; he 
adds that the circumambient character of a 
naval engagement, where clear vision and rapid 
manceuvring are essential, is unfavourable to the 
action of submarines. The inferiority of this type 
of craft lies in its low speed when submerged, 


the basis of these contributions, none of the writers and there is, in this same officer’s opinion, but 








little improvement to be expected in this con- 
nection. : . 

In the matter of surface ships, these are obviously 
necessary, according. to most of the contributors to 
the discussion whose replies were printed by our 
contemporary. The German submarines, as is 
well known, did a vast amount of damage during 
hostilities, but they ultimately failed for the reason 
that the Allies had the mastery of the surface of 
the sea. A complete navy should, therefore, com- 
prise ships with high freeboard ; further, a notable in- 
feriority in such ships cannot be compensated for by 
a large number of submarines. On the other hand, 
the fact should not be lost sight of, said one con- 
tributor, that about 50 submarines can be built 
for the price of one single battleship ; having two 
battleships, the French Navy would be considered 
a weak navy, whereas if France owned, for a cost 
equal to that of two battleships, say, 100 submarines 
and 1,000 aeroplanes, such an armament would 
constitute a force to be reckoned with. 

Following upon the experience of the late war, 
a doubt prevails with many experts as to the 
advisability of building new battleships ; and this 
state of doubt is likely to continue for many years 
to come, for there is little probability of such 
another occasion arising from which it will be 
possible to gain further and more complete experi- 
ence on this vexed question. Be that as it may, the 
present cost of materials coupled with that of labour 
preclude for the present any extensive construction 
of battleships, and it is particularly at this point that 
the financial considerations alluded to in the fore- 
going step in. In this connection, we venture to 
believe that many naval ‘experts in. the United 
States and Japan are viewing the new battleship pro- 
gramme of those two nations with a certain amount 
of concern, in the belief that the construction of 
these heavy units may not, after all, be the right 
thing, considering the growing potentialities of 
other arms. 

Notwithstanding the prevailing doubt as to battle- 
ships, the French officers advocate dealing actively 
and as adequately as can be with naval work, a 
work which, of a necessity, now also includes aeria! 
navigation ; aircraft and submarines, among different 
other units, should be put in hand immediately. 
The submarines should be of strong construction, 
and of undoubted endurance. French engineers, it 
is alleged, have not, for the last ten years, followed 
the right course with reference to this class of boat : 
they have built engines which combined too high a 
power with too great a lightness, and there is no 
real need to make such drastic sacrifices to speed as 
has been the custom in the past. 

One writer raised the question of the personnel 
from the purely French organisation point of view, 
a matter which is quite out of the scope of any 
criticism from the outside. But this we may add ; 
whatever extensions and additions in point of class 
and number France makes to her naval and air 
forces, these will always be viewed by us with the 
greatest satisfaction, and whatever be the composi- 
tion of her forces, her personnel in itself will make 
an alliance with her a desirable one. 

Whilst writing the above, there has come under 
our notice a resolution recently passed at thie 
International Congress of Metal Workers, Lucerne, 
having for its object the refusal of all metal workers 
to manufacture arms, munitions and war material 
of all kinds. We do not know whether German 
delegates were present at this Congress, nor whether 
they signed the resolution. But quite apart from 
this, such a resolution is completely worthless, for 
the arms, munitions and war material of the future 
are in many cases only too likely to take the shape 
of commercial articles in every-day use, as a result 
of the Machiavelism of which the late war afforded 
so many proofs. 








CARBON MONOXIDE AND THE GAS 
SUPPLY. 

Tue Gas Regulation Act of August, 1920, radic- 
ally changed the rules under which coal gas was 
being supplied to the public. ‘Instead of the candle- 
power, the calorific value, expressed in “ therms,” 
of 100,000 British thermal units, was adopted as the 
basis for the sale of gas. The Act enabled gas under- 
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takings to push the development of the gas industry 
in the direction of recent advance,.i.e., for the 
utilisation of the gas for heating and power purposes 
rather than as a direct illuminating agent. During 
the war the gas companies had had to adapt them- 
selves to special requirements and restrictions, and, 
in their turn, they had sent more and more water- 
gas and carbon monoxide into the mains. 

The Bill, as presented to Parliament in May, 
1920, did not tie the gas undertakings down to 
any fixed calorific power, subject to agreements. 
As a consequence, the complaints became louder 
that the calorific power fluctuated, that the “ inerts ” 
in the gas, i.e., the incombustible ballast of nitrogen 
and carbon dioxide, increased in a way embar- 
rassing for furnace regulation, and that the percent- 
age of carbon monoxide in the supply gas rose to 
dangerous figures. The Bill had required that the 
gas should not contain any trace of sulphuretted 
hydrogen, that it should not be at a pressure of 
less than 2 in. of water gauge in any main or service 
pipe of 2-in. diameter or upwards, and that it 
should not contain more than 20 per cent. of incom- 
bustible constituents. When the Act passed in 
August of last year, the main regulations were left 
as originally proposed, but as regards the inerts and 
the carbon monoxide, it was decided that the 
Board of Trade should inquire into the question 
whether any limitations of the permissible propor- 
tions were necessary or desirable. Conforming to 
the Act, the Board of Trade, on January 3 last, 
appointed a Committee to “ inquire into the question 
whether it is necessary to prescribe any limitation 
of the proportions of carbon monoxide which may be 
supplied in gas used for domestic purposes, and to 
report thereon.” A similar Committee on “ Inerts 
in Gas” was also appointed. The Report of the 
“Carbon Monoxide Committee” was published a 
few days ago. We propose to confine our remarks 
for the present to this Report. 

The Committee consisted of Sir William Pearce, 
M.P., chairman; Dr. Thomas Carnwath, M.B. ; 
Mr. William Doig Gibb, M.Inst.C.E., and Dr. Thomas 
Gray, D.Se.; Mr. H. L. Spencer, of the Board of 
Trade, acted as secretary. The Committee met in 
February and March last, on five days, both in the 
mornings and afternoons, and examined 13 witnesses, 
medical men, gas engineers, chemists and financial 
experts from the metropolis and the country, and 
factory inspectors. Most of these witnesses pre- 
sented instructive reports, and all were submitted 
to a searching examination. 

No question will be raised as to the repre- 
sentative character of these witnesses, but the 
domestic user was not especially represented. We 
do not suggest that he might have been consulted, 
but the terms of reference seem open to ques- 
tion, Parliament—not the Board of Trade—had 
limited the inquiry to gas used for domestic purposes, 
and the Committee naturally wished to conform 
to this rule, so far as that could be done. But it is 
manifestly impossible in our days to separate the 
supply of domestic gas and of industrial gas. ‘None 
of the witnesses were willing to face the expense 
and the incessant interference with traffic, caused 
by broken-up roads, which two general systems of 
mains would involve. What was possible when 
gas was essentially an illuminant can no longer be 
rp aete in view of the present multiple uses 
of gas. 

The problem before the Carbon Monoxide (CO) 
Committee had occupied the attention of the Water- 
Gas Committee of 1898. It had then been proposed 
that power should be conferred upon a central 
department to limit the proportion of CO in the 
public gas supply at night to 12 per cent., but no 
legislative action had been taken. At that time 
nearly all the gas used was burnt in flat flames, and 
its value depended upon the direct illuminating 
power. The 37 works which supplied water-gas in 
1898 only made up 5} per cent. of the total gas 
manufactured. By 1919, the amount of water-gas 
supplied to the public was 15} per cent. of the total, 
and it had fully been recognised that the practice 
of mixing straight coal gas with water-gas, enriched 
by carburation with oil, had substantial economic 
advantages. Straight coal gas, made by the gasifi- 
cation of coal in retorts, may contain up to 10 per 
cent (on average, 7 per cent.) of CO, and carries up 


to 25 per cent. of the total heat value of the coal ; 
most of the heat energy of the coal is left in the 
coke. 

Gaseous fuel being more efficient, more con- 
venient and cleaner in application than solid fuel, 
the modern tendency is in favour of gasified fuel, 
and on a manufacturing scale carbon can only be 
gasified as carbon monoxide. According to Mr. J. 
W. Cobb, Livesey Professor of Coal Gas and Fuel 
Industries in the University of Leeds, one of the 
experts examined, the thermal efficiency of gas 
production for straight coal gas ranges from 45 per 
cent. up to 55 per cent., whilst fixed carbon can be 
gasified by steam in the blue water process with an 
efficiency of 70 per cent. Other gus processes are 
being worked out and improved. From the safety 
standpoint, the objection to these processes is that 
blue water gas (not carburetted) contains 42 per 
cent. of CO, and that even the carburetted gas may 
contain 30 per cent. of CO. Can such a gas be 
tolerated in our mains, gas meters, and burners ? 

The evidence given before the Committee for and 
against a limitation of the CO, ran almost on party 
lines. That is to say, the gas and fuel experts pro- 
tested against any restriction as it would cripple the 
gas industry and with that the development of 
industry in general, and insisted upon the advan- 
tages, including the hygienic superiority, of gaseous 
fuel, whilst the medical experts—with one excep- 
tion—and the factory inspectors -as decidedly 
pleaded for a restriction in the interests of 
safety. Much of the medical evidence now offered 
practically goes back to the investigations which 
the departmental Commission of 1898 has instigated. 
Dr. J. S. Haldane then experimented chiefly in 
closed rooms, devoid of ventilation, especially in 
order to ascertain the percentages that would be 
fatal to people sleeping in rooms where gas esceapd 
or had been blown out. In his examination, he 
admitted that he would like to supplement his 
experiments, particulary also as to the cumulative 
effect of small proportions of CO. While not under- 
rating the dangers, he thought that, considering the 
improvements in appliances, 20 per cent. of CO 
would be a reasonable maximum.; that would allow 
33 per cent. of blue water gas, or 50 per cent. of 
carburetted water gas to be mixed with coal gas. 
Dr. A. G. R. Foulerton, representing the Society of 
Medical Officers of Health, ascribed a certain 
anemia to CO; pressed as to practical evidence, 
he replied that it would be difficult to give actual 
proof, but that was mostly so in matters medical. 
Both the factory inspectors to the Home Office, 
Mr. Stevenson Taylor (senior engineering inspector), 
and Dr. T. M. Legge (senior medical inspector) were 
emphatically in favour of restriction, stating that 
carbon monoxide formed the bulk of gas accidents 
in factories. The Memorandum of the Factory 
Department of the Home Office on Carbon Monoxide 
Poisoning, to which we referred on page 259 of our 
issue of August 12, leaves no doubt as to the serious 
view taken by these officials of the problems. On 
behalf of the Fuel Economy Committee of the 
British Association Mr. Robert Mond pleaded for a 
restriction of the CO to 20 per cent.; he also 
expressed the opinion that the high advantages 
which previous witnesses had claimed for gas very 
rich in CO could, by scientific methods, be secured 
also at lower CO percentages. 

The statistics given by Dr. Stevenson, of the 
Registrar-General’s department, on Mortality from 
Gas Poisoning (including suicides and murders, by 
the way), indicated an increase in the number of fatal 
cases since the introduction of a more highly- 
poisonous gas. The death rate ascribed to accidental 
coal-gas poisoning for the seven years 1913 to 1919 
was, for England and Wales, 1-9 per million of 
population, 3-1 for London and 3-0 for the large 
towns. In 1919,the rate was 5-4 for certain towns 
supplied with water gas, and 2-1 for other areas not 
supplied with water gas; in two large adjacent 
towns, belonging to the two classes just mentioned, 
the Committee itself ascertained that the rates were 
3-5 and 0; this is really the most distinct case in 
point. Dr. Leonard Hill, of the Medical Research 
Council, differed from his colleagues. He confirmed 
Dr. Haldane as to 0-02 per cent. of CO being suffi- 
cient to cause headache and nausea, but he did not 





at all support any restriction. He knew of no definite 





evidence connecting the number of accidents with the 
percentage of CO, but thought that valuable infor- 
mation might be obtained from America. If there 
were chronic CO poisoning, smokers should’ suffer 
from it, and he would not hamper the gas industry, 
which helped to secure a cleaner atmosphere, any 
more than he would restrict the automobile in- 
dustry, though motor accidents were undoubtedly 
increasing. 

The Committee’s Report draws attention only to 
the evidence of Dr. Haldane and Dr. Stevenson 
they are, in fact, the only witnesses named in the 
Report—but the Committee studied also the stat- 
istics for the years 1914 to 1919, collected by the 
Light Commissioners of Masschusetts, and finding 
these statistics peculiar—undertakings supplying 
100 per cent. water gas had 26-4 deaths per million ; 
companies supplying a water gas of 50 per cent. and 
upward, 59-3 deaths ; undertakings with a water 
gas of less than 50 per cent., 29-3 deaths—they 
applied to Dr. H. 8S. Cummings, Director-General of 
the United States Public Health Service. The 
reply received states that the CO percentage is not 
restricted in the United States, because that would 
economically be disadvantageous, that 20 per cent. 
or 30 per cent. of CO would make little difference, 
and that incomplete combustion in badly-adjusted 
appliances was more dangerous than leakage from 
defective fixtures; recent cases were, moreover, 
due probably to the toxic action of the illuminants 
in the gas rather than to CO. It was perhaps as 
well that Dr. Cumming was not cross-examined as 
to these latter statements. 

The representatives of the gas industry, Mr, 
Thomas Goulden, Dr. Charles Carpenter, Mr, F. W. 
Goodenough and other eminent gas engineers and 
chemists, as well as Professor Cobb and Sir Dugald 
Clerk, deprecated any restriction. Though dis- 
claiming any present intention to go above 33} of 
carburetted water gas, in London at any rate, some 
experts submitted that 100 per cent. blue gas would 
not mean undue risk—provided the gas were given 
a distinct smell. In actual practice, the smell is 
simply derived from the coal gas which is mixed 
with the water gas, 5 per cent. of coal gas being con- 
sidered sufficient for this purpose. No special evi- 
dence was taken on that point, which seems to us to 
be very debatable. A good many people practically 
possess no sense of smell, and that stale smells fail 
to attract attention was recently recognised by the 
United States Bureau of Mines, when they investi- 
gated the reliability of warnings in mines given by 
the aid of stenches. On the other hand, the gas tech- 
nologists pointed, not without reason, to the better 
education of the people who do not neglect gas 
escapes, and to the improved type of burners and 
meters in use, as well as to the inspection of gas 
installations which the companies have initiated, 
and for which members of their staffs are especially 
trained. The improvements of the fittings in small 
old houses may still leave a great deal to be desired, 
and the supervision may be somewhat sporadic. 
The slot-meters, which are popular, necessitate 
regular visits by the company’s servants, however, 
and the company may alter and fix fittings, and ad- 
vance is certainly being made in the right direction. 

As regards statistics, moreover, the gas industrials 
affirmed definitely that accidents had not increased 
with the rising percentage of CO in the gas they 
manufactured, and that their own men should surely 
suffer first if the more poisonous gas were more 
dangerous. It may be, and greater caution, on 
the part of both the administration and the men, 
may account for the fact, which is certainly signi- 
ficant. One wonders a little all the same, and 
the questions of what constitutes an accident and of 
chronic cumulative effects and general injury to 
health here come up again. The Committee received 
no definite evidence on the latter point; none 
may be available. That the carbon monoxide in 
some way interferes with the capacity of the hemo- 
globin in the red blood corpuscles to act as oxygen 
carriers, is probably common belief; but the 
mechanism of carbon monoxide poisoning, and of 
all acute poisoning by gases—apart from suffocation 
—is still, we think, controversial. The gas com- 
panies did not fail either to dwell upon the advan- 
tage of a clean fuel, producing neither dust nor soot, 
smoke and fog, and saving much domestic labour, 
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As regards the advantages of a high CO gas to 
themselves, the gas makers are on pretty safe ground. 
The present cost of installing water-gas plant, they 
stated, was only a third of that of providing 
straight coal gas plant of equal capacity, while 
much less labour was required in the manufacture 
of the gas. Moreover, the surplus coke, which was 
difficult to sell, was put to an economic use, and 
the flexibility of water-gas plant was strongly in 
its favour. In cases of emergency, the water-gas 
plant could be started in a few hours, while it would 
require days with coal gas. So much gas is now 
utilised for heating, moreover, that a sudden drop 
in the thermometer causes a sudden rise in the 
demand for gas which coal-gas plant could only 
meet by large reserve plants and large storage 
accommodation. Again, the gasification of coal 
can be combined with a recovery of the by-products ; 
the conversion of carbon into its monoxide is ther- 
mally efficient, and the product is not by any means 
unwelcome as fuel for internal-combustion engines, 
These points hardly require emphasis in our columns. 
National economy would be promoted by an ex- 
tended use of gaseous fuel. 

Convinced of these economic advantages and 
greatly impressed by the necessity of allowing the de- 
velopment of the gas industry to proceed without any 
check on its natural progress, the Committee report 
“that it is not necessary or desirable to prescribe 
any limitations of the proportions of carbon monoxide 
which may be supplied in gas used for domestic 
purposes.”” They do not ignore the increased risk, 
but they do not consider that the increased risk 
will be found serious. They suggest that the danger 
of an increased death rate is in any case of small 
dimensions, and that the certain improvement in 
the public health by the reduction of smoke and fog 
arising from increased use of gas as fuel should be 
set against the risk. 

They, however, qualify their recommendations 
by two reservations. In the first place, they 
strongly urge, in accordance with all the witnesses, 
that the distinctive odour of coal gas gives a 
warning of leakage which is absolutely necessary, 
and they would make it an offence to supply any 
gas for domestic purposes which does not possess 
the distinctive pungent smell of coal gas. We 
should mention that the distinction between gas 
for domestic purposes and for industrial purposes 
is not discussed in the Report. 

The second of the two reservations to which 
we have referred above consists of a suggestion 
that the “department concerned should care- 
fully watch the situation so that, if the freedom 
from limitation which we recommend is accom- 
panied by unexpectedly unfavourable results, the 
attention of Parliament may, if necessary, be again 
directed to the matter.” In making this second 
reservation, the Committee may have borne in 
mind the possibility, pointed out in the evidence, 
of some wholesale CO poisoning being caused by 
the bursting of a gas main. Such an accident, 
however, would probably cause little more than 
a temporary sensation. Our age is reckless, and 
having to put up with a great deal in some 
respects, resents interference in other matters. 





IMPERIAL AIR COMMUNICATIONS, 

Arter careful consideration of the report of the 
Imperial Air Communications Committee, at the 
Conference of Prime Ministers and Representatives 
of the United Kingdom, the Dominions, and India, 
the latter body has recommended that the pro- 
posals made in the report should be submitted for 
the consideration of the Governments and Parlia- 
ments of the different parts of the Empire. It is 
also suggested that, pending this consideration, such 
existing material as may be useful for the develop- 
ment of Imperial Air Communications should be 
retained. 

The Committee submitted two estimates to the 
Conference covering periods of one year and two 
years, respectively, but pointed out that neither 
scheme was complete in itself. If the former 
scheme were inaugurated by September 1 next, it 
would be possible to start a monthly service to 
Egypt by March of next year, and, by the end of 
the period, to make demonstration flights in the 
direction of India and South Africa; landing in 


those countries would not, however, be possible, 
unless masts had been previously provided. The 
total cost of this scheme, which would cover. the 
necessary research and training flights at home, 
was estimated at 540,000/., this sum including 
capital expenditure of 177,000/., running expendi- 
ture of 253,000/., and an allowance of 110,000. for 
contingencies. The airships R36, R37 and L71 
would be used on this service, and R33 would be 
employed as a reserve for training purposes. 

With the alternative scheme, covering a two-year 
period of inauguration, a monthly service to Egypt 
would commence in March next, as in the scheme 
outlined above, but this monthly service would be 
extended to India in the following September, while 
demonstration flights towards South Africa would 
be carried out during the last two or three months 
of the period. The estimated total cost of this 
scheme is 1,339,000/., allowing 493,000/. for capital 
expenditure, 626,000/. for running expenses, and 
220,000/. for contingencies. This expenditure pro- 
vides for the erection in Egypt of a complete base 
with shed, as distinct from a station with mooring 
mast allowed for in the one-year proposal, and the 
Committee point out that whereas the costs of the 
two schemes are in the ratio 1 : 2}, the useful work 
accomplished in the two cases bears the ratio 1: 5. 

As previously mentioned, the above proposals do 
not form complete schemes for Imperial communi- 
cations by airship, further development being depen- 
dent on the construction of new airships specially 
designed for the particular service. The Committee 
consider that 10 to 12 airships, each of 4,000,000 
cub. ft. capacity, would suffice to maintain a fort- 
nightly service from England to Egypt, India, 
South Africa, and Australia; the first of these 
ships, it is estimated, would cost about 300,000/. 
Development would also depend on the provision 
of masts and bases. Permanent bases, for ex- 
ample, would be required in South Africa and 
Australia before the route could be extended to the 
latter Dominion. Such bases would cost about 
400,0001. each, and as additional shed accommoda- 
tion would be required in England, a sum of about 
500,0001. would have to be allowed for this. The 
development of the service for a further period of 
three years would, therefore, involve a capital 
expenditure of 4,545,0001., a sum of 901,000/. for 
maintenance of ground organisation, and an allow- 
ance of 1,500,000/. for contingencies, to which must 
be added the cost of upkeep and operation of the 
airships themselves. This latter item would increase 
from 160,000/. per annum at the end of the two-year 
period to 1,094,000/. per annum at the time when 
regular fortnightly services were being operated to 
India, South Africa and Australia. The above- 
mentioned capital expenditure includes the con- 
struction of 12 new airships. 

To enable the possible revenue from the services 
to be estimated, the Committee give some figures 
as to the carrying capacity of the airships to be 
employed. R36 and R37 could carry 30 passengers 
and 2 tons of freight between England and Egypt, 
with an intermediate stop at Marseilles for re- 
fuelling, while, under the same conditions, the 
carrying capacity of L71 would be 40 passengers 
and 7 tons of freight. The latter ship, without 
stopping at Marseilles, could carry 35 passengers 
and 2 tons of freight from England to Egypt, or 
from Egypt to Karachi, and the proposed new 
4,000,000 cub. ft. airships could carry 50 passengers 
and 13 tons of freight for the same distances. 

Although the estimates above referred to assume 
the adoption of a scheme of development by direct 
Government action, the Committee express the 
opinion that the best results would be obtained 
by private enterprise conducting a service for 
profit in a similar manner to the Mercantile Marine. 
They also analyse three proposals received from 
Mr. A. H. Ashbolt, Mr. M. M. Greenhill and Lieut.- 
Commander Ballantyne. Space will not permit 
us to give a detailed explanation of these schemes, 
which were submitted in response to the Government 
offer referred to on page 688 of our last volume, 
but we may mention that in the first-mentioned 
proposal, the Governments concerned are invited to 
take part in subscribing for share capital and also 
to grant a subsidy for 10 years. In the second 





scheme all the capital is to be raised by public 


or private subscription, but a Government subsidy 
is required during the development period, together 
with guarantees of mail contracts, while the third 
scheme involves a guarantee of interest as well as 
subsidies from the Governments concerned. It thus 
appears that no scheme independent of State aid 
has been formulated, and this, although regrettable, 
is probably inevitable in existing circumstances. 
The matter of high-speed transport, however, is of 
the utmost importance to the Empire, both politic- 
ally and commercially, so that it is to be hoped 
that careful consideration of the various proposals 
by the Governments concerned will enable reason- 
able solutions to the financial problems to be found. 
Such technical difficulties as exist, we are confident 
can be met and overcome without unduly straining 
the designing, manufacturing and operating re- 
sources of this country. 





NOTES. 
THe Loss oF THE R.38. 

As we go to press the news comes to hand of a 
disaster which has overtaken the British-built 
airship R.38, that was to have been purchased by 
the United States Navy Department and re-named 
Z.R.2, The vessel, which was fully described on 
page 723 of our last volume, left Howden station 
on Tuesday morning, the 23rd inst., to carry out a 
series of trial flights, and was to have returned to 
Pulham station the same evening. Low-lying 
clouds, however, prevented the landing at Pulham, 
and it was therefore decided to cruise over the sea 
throughout the night and continue the trials on the 
following day. This was done, and everything seems 
to have proceeded satisfactorily until about 5.30 
p-m. on Wednesday, when the airship, flying in the 
neighbourhood of Hull, apparently broke in two 
and fell in flames into the Humber. The most 
distressing feature of the disaster is, of course, the 
appalling loss of life which has occurred, only 
5 of the 49 persons on board having escaped with 
their lives. Of the British officers on board those 
best known to our readers will probably be Air- 
Commodore E. M. Maitland, Flight-Lieutenant 
J. E. M. Pritchard, Mr. J. R. Pannell and Mr. 
Duffield (both of the National Physical Laboratory), 
and Mr. C. I. R. Campbell, the superintendent of 
the Royal Airship Factory at Cardington, who 
was the designer of the airship. All these appear 
to have perished, and their loss will be mourned 
by a wide circle of friends in the airship service. 
Mr. H. Bateman, of the National Physical Laboratory, 
was among the few saved. It is too early at 
present to comment on the cause of the accident, 
but from the published statements of eye-witnesses 
it appears to have been due to some structural 
defect, possibly developed during the full-speed 
trials which were either in. progress at the time or 
had been carried out just prior to the accident. On 
a previous flight, carried out on July 17 last, it 
seems that some of the girders had been strained, 
although not sufficiently to curtail the flight. 
They were afterwards strengthened at Howden, 
the work being completed by the 30th ult., and the 
trial flight, which ended so disastrously, was the 
first carried out since that time. It is to be hoped 
that a careful examination of the wreckage will 
disclose the cause of the accident, since the develop- 
ment of airship transport will suffer a severe check 
until the non-recurrence of a similar disaster can 
be guaranteed with all human certainty. 


THE PROPERTIES OF STEAM. 


Tae American Society of Mechanical Engineers 
is being urged to finance a new enquiry into the 
properties of steam at high pressures and tempera- 
tures. The work is expected to extend over three 
years and to cost 35,000 dols. per year. Part of 
the work, it is proposed, should be carried out by 
the United States Bureau of Standards. If the 
American Society of Mechanical ineers does 
take up the matter it is to be hoped that it will 
bear in mind that in experiments of such difficulty 
as here contemplated precision is less a matter of 
lavish expenditure than of native genius on the 
part of the observer, and much will depend upon 
the choice of investigators. In ingenuity and 
precision the best experimenters in the United 





States stand second to none, but men with such 
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qualities are everywhere rare, and like other 
countries the United States has its mediocrities, of 
whom the best that can be said is that they are 
plodding and persevering. Such men often get 
“ consistent *’ results which are consistently wrong, 
whilst the man of genius by suitably devising his 
experimental scheme will obtain really reliable 
figures at one-tenth the expenditure. It may be 
noted moreover that a much more pressing and 
important investigation would be one into the laws 
of expansion of super-saturated steam, since there 
is every reason for concluding that wet steam 
never does expand in a condition of thermal 
equilibrium, whether this expansion be effected in 
a turbine.or in a reciprocator. The effect of this 
on the apparent efficiency ratio of a turbine is 
many times as great as those that may be due to 
possible small residual errors in the best steam 
tables. 


BRITISH SHIPPING AND SHIPBUILDING. 


Although the trade of the United Kingdom 
as evidenced by shipping statistics for. 1919, showed 
a material improvement in comparison with the 
previous year, it was still well below that of 1914. 
From the annual statement of the navigation and 
shipping of the United Kingdom for 1919, it appears 
that 201,403 vessels, with a total net tonnage of 
96,819,104, arrived with cargoes and in ballast at 
United Kingdom ports from foreign countries, 
British Possessions and coastwise, whereas the 
corresponding figures for 1914 were 326,900 vessels 
and 154,098,175 net tons. The lowest figures for 
the war period were reached in 1918, when the 
vessels arriving numbered only 160,617, and had 
a total tonnage of 63,784,906. The 1919 tonnage 
was, therefore, over 50 per cent. more than the 
latter figure, and about 37 per cent. less than that 
for 1914. The total number and tonnage of vessels 
owned in the United Kingdom, and registered under 
Part I. of the Merchant Shipping Act, 1894, also 
showed an increase in 1919, for the first time since 
1915. The increase in the British merchant fleet 
during the year under consideration was 146 vessels 
and 825,205 gross tons, the total figures for 1918 
being 18,190 vessels and 16,364,403 tons, while those 
for 1919 were 18,346 vessels and 17,802,511 tons. 
The latter figures are still much lower than those 
for 1914, when the British merchant fleet included 
21,065 vessels with an aggregate gross tonnage of 
20,009,820, the difference in tonnage amounting 
to 11 per cent. An indication of the efforts made 
to make up the deficiency in tonnage is afforded by 
the fact that the total net tonnage of vessels built 
in the United Kingdom for British owners, amounted 
to 936,532 (757 ships) in 1919, as compared with 
838,608 tons (1,010 ships) in 1914. For the other 
war years, the number and net tonnage of vessels 
built were 522 ships and 374,446 tons in 1915, 479 
ships and 386,315 tons in 1916, 397 ships and 752,120 
tons in 1917, and 320 ships and 820,884 tons in 1918, 
It is interesting to notice that the average size of 
vessels built at first diminished during the war 
period, falling from 830 tons in 1914 to 717 tons 
in 1915, and afterwards increased again to 807 tons 
in 1916, 1,895 tons in 1917, and 2,565 tons in 1918. 
The increase, however, was not maintained during 
1919, since in that year the average net tonnage 
comes out at 1,238, a figure which, although con- 
siderably higher than that for 1914, is less than 
half that for 1918, the last year of the war. 

Om Fue. ror Steam Borers, 

One result of the recent coal stoppage was to give 
a number of engineers some experience in the 
application of oil fuel to steam boilers. The appli- 
cations were in general a success from the point of 
view of their main intention, which was to enable 
work to be carried on, but in many cases there was 
much to be desired from the point of view of 
economy. Ina pamphlet issued by The Manchester 
Steam Users’ Association, a case is quoted in which 
& cross-tube vertical boiler used a weight of first- 
class fuel oil equal to that of the very poor coal 
previously used for the same duty. This is, no 
doubt, an extreme example, but in very many 
instances oil fuel hardly fulfilled the hopes of its 
users. In view, however, of the haste with which 
the majority of the installations were made and the 
fact that many were from the first looked upon as of 


only of a temporary nature, this result is not surpris- 
ing.‘ The experience gained will in many cases 
have been of considerable value, and the pamphlet 
to which we have already referred, in bringing some 
of these experiences together and ‘making them 
generally available, is much to be commended. The 
pamphlet has been prepared by Mr. C. E. Stromeyer, 
the Chief Engineer of the Association, and in 
addition to an analysis in general terms of the 
combustion processes taking place in the burning 
of oil, which are marked by Mr. Stromeyer’s 
usual acumen, it contains a report by Mr. E. G. 
Ritchie, one of Mr. Stromeyer’s assistants, on 
actual installations inspected. The report reviews 
the pressure jet, and steam and air-jet systems, 
and very clearly attributes the best economy to 
the former. This type of burner, however, requir- 
ing a pumping set and special furnace fronts, 
does not lend itself to such cheap and rapid 
installation as steam or air-jet systems, particu- 
larly the steam jet. In many of the simple and more 
or less temporary installations it was found that the 
oil was sprayed rather than atomised, with the 
result that globules of oil of appreciable size were 
thrown off. These globules were too large to be 
burned at once, and as the temperature of the 
flame fell rapidly beyond the region of maximum 
burning, there was no chance for complete combus- 
tion of the globules, and much of the oil was wasted. 
Mr. Stromeyer points out that a perforated brick 
screen would assist in such cases, but it must be 
made of the best firebrick if it is not to melt. The 
brick combustion chambers of water-tube boilers 
offer great advantages in this connection, and in 
one case of a Stirling boiler, the waste gas tempera- 
ture dropped 600 deg. F. with coal to 450 deg. F. 
with oil. This was due to more perfect combustion, 
and as it was accompanied by a reduced air supply, 
there was a double gain. The flame temperature 
was so high, however, that after four days’ working 
14 inches of firebrick had been destroyed. In 
general, the steam jets were more successful with 
the lighter fuel oils, but pressure systems dealt 
equally well with either light, or heavy oil. Weight 
is laid inthe pamphlet on the necessity for main- 
taining the special precautions pertaining to fuel 
oil burning for at least a week after a return to 
coal firing. 
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Thermionic Tubes in Radio-Telegraphy and Telephony. 
By Joun Scorr-Taaoart, Associate Member of the 
American Institute of Electrical Engineers. London : 
The Wireless Press, Limited. [Price 25s, ] 

Ir has become a commonplace for a lecturer on 
wireless telegraphy to excite the admiration, or 
the curiosity, of his audience, by capturing radio 
signals despatched from a distafit’ station and 
translating them into familiar symbols. Such 
experiments are very effective and generally give 
more satisfaction than the explanation of the 
mechanism by which such results are achieved, 
for the previous spadework necessary for the 
adequate apprehension of complicated apparatus is 
usually wanting. It is this less spectacular but 
more onerous task of full and lucid explanation, that 
Mr. Scott-Taggart attacks with equal knowledge 
and address, and his book should be welcome to the 
technical student. The inquiry is limited to the 
examination of the theory and use of the thermionic 
valve in its various applications, and this limitation 
is not without many advantages. The author is not 
required to refer to the atomic structure of 
electricity, to sketch imperfectly the conclusio 
of Sir J. J. Thomson on the connection between the 
electron and negative electricity, or to enter upon 
much irrelevant matter, of profound interest in 
certain directions, but of little direct assistance in 
demonstrating the practical use of the Fleming 
valve, or tube, as the author prefers to call the 
developed mechanism, which has revolutionised 
and widened the possibilities of wireless methods 
of communication. 

Regarded in its essentials, or original form, as 
illustrated and explained in the earlier chapters, 
the valve is seen to be of singularly simple con- 
struction giving few indications of its many after 





modifications and applications. Its history, though 


limited to only a few years, illustrates the principle 
that the growth of mechanical science is effected 
by a process of accretion, rarely by revolution. 
Edison had noted twenty years earlier than the date 
of Fleming’s master patent, that a current would 
flow between the positive terminal of a lamp filament 
and a metal plate sealed in the bulb. "Fleming, in 
search of a more reliable detector than coherers 
or crystals offered, availed himself of the neglected 
fact to contrive an apparatus which permitted 
electricity to flow from a heated filament to a plate 
enclosed in a vacuum bulb, necessitating that the 
plate be at a higher potential than the filament. 
In this way was produced the means of rectifying 
alternate current. Then de Forest introduced a 
valuable modification, which gave birth to the three- 
electrode vacuum tube, on whose improvements 
the skill and ingenuity of rival electricians have 
found ample scope. We believe that this step 
is rightly credited to de Forest, but it is not so clear 
from his early patents that he designed the “ grid,” 
to use the term as applied to the many forms which 
the third electrode subsequently assumed, with the 
view of controlling the flow of current from filament 
to plate, which is its proper function. The author 
has experienced great difficulty in assigning due 
credit to the proper authority for different develop- 
ments, and we have no intention of embarking on 
this invidious course. 

The author’s main object being to follow the 
development of the thermionic valve and to trace 
the circuits best adapted for securing particular 
effects, he escapes much of the theory founded on 
the passage of electricity through gases, but is 
inevitably brought up against the so-called “ charac- 
teristic curve,’ and discusses very amply the 
advantages its varying forms offer to the practical 
man, both in suggesting the suitable arrange- 
ment of his apparatus and in furnishing explanation 
of observed effects. The author’s treatment is 
lucid and informing and the student should have 
no difficulty in apprehending the usefulness of this 
curve, that theory and experiment alike have placed 
in his hands. By its aid, the process of rectification, 
for example, may be seen in a truer perspective, 
the inefficiency or limitations of the two-electrode 
valve under certain conditions can be more easily 
grasped, while later, the examination of the grid 
potential reveals possibilities in the “ triode” 
that assume a very practical shape. 

The discussion of the properties of the anode 
current and of the grid potential forms a very good 
introduction to the description of the vacuum tube 
as a detector and as an amplifier, treated here in 
two separate chapters that may be commended to 
the attention of the technical student, the class 
for whom we conceive the author is writing. In 
the earlier, the featares of “hard” and ‘ _ 
vacuum tubes are contrasted, and the effect of grid 
leakage in providing a convenient means of giving 
the grid a suitable normal operating potential is 
considered. In the latter is seen the use of trans- 
formers in obtaining as great a variation of grid 
potential as possible, and the use of resistances as 
an alternative is adequately explained, the advan- 
tages and disadvantages of the two methods being 
commented upon. 

A chapter on retroactive amplification follows, 
in which Mr. Scott-Taggart further illustrates the 
problem of increasing incoming oscillations by means 
of the vacuum tube. The essential principle con- 
sists in making the amplified oscillations in the anode 
circuit retroact on the grid circuit and reinforce the 
original E.M.F. on the grid. The author recognises 


ng|four methods of obtaining retroaction, described 


as indirect and direct magnetic coupling, and 
electrostatic and conductive coupling, but it may 
be doubted if these are all independent, or serve 
any other purpose than a convenient classification 
of the circuits. The original arrangements, designed 
by Meissner, Armstrong, Franklin, Lee, de Forest 
and others to increase the duration of wave trains 
of damped waves suggest almost unlimited possi- 
bilities, were it not that a limit is fixed to this form 
of amplification by the possible interference of two 
successive wave trains. When the circuits involved 
begin to oscillate on their own accord, new pheno- 
mena are introduced, which the author considers 





under the heading of multistage retroactive receiving 
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currents, having disposed of the problem of the 
detection of incoming amplified oscillations and the 
use of vacuum tubes in cascade as amplifiers of high 
—or low—frequency oscillations. 

The chapter on continuous waves, considering the 
growing importance of this development and the 
interest attaching to heterodyne reception, might, 
perhaps, have been extended with advantage. But 
the description of the selected examples is exact and 
stimulating. The ingenuity displayed in the intro- 
duction of local oscillations to create the “ beat,” 
the invaluable quality of selectivity, especially 
pronounced in the case of short waves, and the 
possibility of maintaining a note, of pitch agreeable 
to the operator, have made this method of reception 
popular and widespread. It is true that some 
self-heterodyne circuits will radiate while receiving, 
but generally the oscillations are weak and have little 
effect. When, however, stations are “ searching,” 
waves of very varying lengths may be transmitted 
and much mutual interference result. The author 
recommends that regulations should be enforced 
that would forbid the use of circuits which radiate 
while receiving. Since the number of stations, 
and consequently the inconvenience, will continually 
increase, the suggestion is deserving of consideration. 
There seems to be some difference of opinion as to 
the degree of amplification attainable by the usual 
forms of apparatus, some insisting that the maxi- 
mum true amplification is four, and that this is 
obtained when the local current is equal in amplitude 
to the signalling current, and that any further 
increase in response, which may be obtained by an 
increase in the local current, is due to an improve- 
ment in the efficiency of the receiving apparatus. 
This view is opposed by others, who hold that the 
amplification obtainable is unlimited, and in presence 
of these conflicting statements the author wisely 
abstains from expressing an opinion, but refers 
readers to the original publications. 

It is evident that since an oscillating vacuum 
tube is employed to generate local oscillations, an 
increase in the output of these oscillations will 
furnish a useful transmitter of continuous waves. 
This is not the route, however, by which the oscil- 
lating properties of the three-electrode valve 
became recognised and have beén investigated. 
The discovery is more probably traceable to the 
action of the “ buzzing” telephone. A bell tele- 
phone receiver in circuit with a battery and carbon 
microphone transmitter emits a continuous musical 
note when brought near to the transmitter, on 
account of the feeble vibrations set up in the 
microphone diaphragm by noises in the room 
continually varying the current through the tele- 
phone receiver. Several authorities claim the 
merit of the original discovery in a practical form, 
and the author seems inclined to award the distinc- 
tion to de Forest, who, from experiments on his 
audion, probably knew of the action, without 
appreciating its value. General opinion has been 
inclined to award to Meissner the discovery, that in 
certain circumstances the three-electrode thermionic 
tube could act as a generator of oscillations. 
Apparently he was the first to employ the pheno- 
menon of retroaction to produce continuous waves 
for wireless transmission. Many of the early 
circuits employed are reproduced, some taken from 
the original patent descriptions. It should be said 
that the circuits here, and throughout the book, and 
particularly in the last section on wireless telephony, 
are a very agreeable feature. The presentation of 
the practical working Arrangements constitutes a 
very valuable part of the treatise. The recognised 
system of symbols standardised by the radio- 
engineer permits these diagrams to be easily 
followed, and greatly increasés their educational 
value. Mr. Scott-Taggart has made a notable 
addition to the literature of the subject. The time 
will come when selection will have to be more 
stringently exercised, but at present the history is 
too interesting to permit curtailment. 


Technical Methods of Analysis. By Roorr Castix 
Grirrix. First Edition. New York and London: 
McGraw-Hill Book Company. [Price 33s. net.] 

To the past generation the professional chemist 

was either a pharmaceutist or an analyst. The 

scientific chemist was hardly recognised outside 
the universities, and the manufacturing chemist 


employed analytical chemists in his works, but 
was not himself regarded as a chemist and did not 
lay claim to that designation. At present pharmacy 
is a profession of its own; technical chemists 
indeed consider themselves alone entitled to being 
styled chemists. The head of a manufacturing 
firm may himself be a distinguished chemist, and the 
analyst, if not specialising in metallurgy or in oil, 
é.g., prefers to be known as an analytical and con- 
sulting chemist, lest people think that he has to 
restrict himself to the routine analysis of the old 
days. 

Much of that routine work is so manifold, com- 
plex and difficult that the analysts have had to 
adopt conventional methods. The public expects 
more perhaps of the analytical chemist than of 
any other professional man, except the physician, 
whose successes and failures the public is generally 
not in a position to judge. We must not belittle 
the chemist because he may easily demonstrate 
the presence of arsenic in some mixture or liquid, 
but may be quite unable to account for the poisonous 
character of some food. All that he can say is that 
corrosive agents, metals and alkaloids seem to be 
absent, and it will require competent and arduous 
work to state that much. An analytical chemist 
is supposed to be able to test and to analyse salts, 
metals, fuels, paints, oils, fats and soaps, wood, 
paper, textiles and bleach, foodstuffs, &c., and to 
perform various other analyses, both organic and 
inorganic, dealing with boiler scale, leather, tar, 
and concrete. We take these subjects from the 
sectional headings of Mr. Roger Castle Griffin’s 
“Technical Methods of Analysis.” Mr. Griffin 
adds to his title “‘ as employed in the Laboratories 
of Arthur D. Little, Inc., Cambridge, Mass” 
he is Director of the Analytical Department of this 
firm. 

Analytical chemistry is far too wide a field for 
one man and one book. One therefore welcomes 
the restrictions, which Mr. Griffin imposes upon 
himself, though he does not really confine himself 
to methods used in his own laboratory, of course. 
He excludes theoretical deductions of the methods 
of analysis and certain divisions, such as the rare 
metals, ores, minerals, rocks, glasses, as well as 
drugs, alkaloids, &c. That will be acquiesced in. 
That gas analysis is cut out, may be regretted ; 
but quantitative gas determinations call for a 
rather special equipment and training. Yet one 
would expect some reference to the gases occluded 
by metals. The few words on indicators do not make 
mention of the widely used indicators turmeric, 
curcumin, congo and lacmoid, nor even of our 
old friend litmus, and the notes are of no service 
without directions as to the applications and 
limitations of the indicators. Prominent among 
the methods, with which the author has no direct 
connection, are those of the Association of Official 
Agricultural Chemists and of the United States 
Bureau at Washington. No objection will be raised 
to this preference, and in these and other cases 
we have references to pamphlets and other litera- 
ture, not infrequently without dates, unfortunately. 
The importance of the date is too much disregarded 
by authors ; the date will often tell the reader at 
once, whether or not a certain modification of a 
method can be discussed in the paper quoted. 
In the bibliography list at the end of the book the 
dates of publications are given, and that is a praise- 
worthy feature. It should also be mentioned that 
the tables of constants give the figures and their 
common logarithms, and that the volume is supplied 
with a good index. On the whole the 666 pages 
contain as much information as can be expected 
from a general text book which is not compiled 
for the benefit of the specialist and which, we might 
add, is not written for the engineering chemist. 





Detail Design of Marine Screw Propellers. By Dovueias 
H. Jackson, M.I.Mar.E. London: Sir Isaac Pitman 
and Sons, Limited, 1, Amen Corner, E.C.4. [Price 6s, 
net.] 


TueE development of technical education for appren- 
tices which has been a marked feature of post-war 
activities, as well as the increasing numbers of 
students attending technical evening classes, is 
bound to create a demand for text books suitable 





for the use of such students. As a very considerable 
proportion of these students will in the course of 





their life-work be called upon to deal with problems 
of a practical rather than a theoretical nature, 
there is much wisdom in confining the scope of 
such text books to the more practical side of the 
subject, and in particular to the demonstration of the 
methods of applying the results of scientific investi- 
gation to practical problems. This is the more so as 
for the majority of such students the knowledge 
of the precise mathematical reasoning upon which 
results are based is entirely unnecessary even if it 
were within the limits of their educational equip- 
ment. ” 

Among draughtsmen and others there is always 
a demand for text books dealing with their subject, 
and here again the ideal book for the majority is 
that which indicates the practical application of 
principles to everyday problems rather than the 
mathematical demonstration of these principles. 
However deplorable this may be from the point 
of view of the educationalist it is well that the 
demand for information of the above nature should 
be fully met by the provision of text books contain- 
ing the maximum of practical information with the 
minimum of mathematical demonstration. Such 
a book has been produced by Mr. Jackson, and his 
recognition of the essentials of a practical hand book 
is evident in his treatment of the subject. 

Design is dealt with in Chapter I and Scantlings 
in Chapter II, and in both cases the student is 
introduced directly to various formule in common 
use in determining the leading characteristics of a 
screw or screws to suit given conditions. By the 
use of numerous examples the application of these 
formule to concrete cases is clearly shown, and no 
difficulty should be experienced by any student in 
applying them to the fixing of particulars to suit 
given conditions. The preparation of working 
drawings is described and illustrated in a short 
chapter, and here again the practical aspect of the 
work in conveying the necessary information to the 
pattern maker and foundryman is given special 
prominence. Useful information on the method of 
building up and making wood patterns for moulding 
propellers, also on the method of moulding direct 
in sand by means of the “‘ sweep board ” and “ pitch 
plate’ is given in Chapter V., while Chapter VI. 
carries the practical work to the final stage by 
describing the operations of marking off, checking 
the pitch, machining, finishing and balancing 
various types of propeller. The author concludes 
with a short chapter on repair work as applied to 
propellers and discusses shortly methods of repairing 
small fractures by “‘ burning on” and electric weld- 
ing. The method of obtaining particulars for a new 
propeller or blade from. the original while still in 
position in the ship, and the methods employed in 
removing propellers from the tail shaft are described. 
An appendix giving definitions of the technical 
terms used in the text, tables of useful numbers, 
an index, plates giving curves for estimating the 
values of the factors used in the design formulae, 
and finished drawings of propellers of various types 
complete the work. 

To those who have occasion to acquire a sound 
working knowledge of the basic principles of pro- 
peller design and also desire to know something of 
the practical work of making and fitting propellers 
we can thoroughly recommend this little volume. 
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THE LATE SIR SAMUEL 


DAVIDSON. 


We regret to have to announce the death, which 
occurred on the 18th inst., at his residence, Seacourt, 
Bangor, Co. Down, at the age of 74, of Sir Samuel 
Cleland Davidson, the chairman and_. managing 
director of Messrs. Davidson and Co., Limited; Sirocco 
Engineering Works, Belfast. 

Sir Samuel Davidson was born in 1846 in County 
Down, and received his education at the Royal 
Academical Institute, Belfast. Very early in life he 
evidenced a keen interest in science and engineering. 
He entered in 1861 the office of Mr. W. Hastings, a 
civil engineer of Belfast, under whom he acquired a 
good knowledge of surveying and a rudimentary 
training in architecture and railway engineering. In 
1864, Sir Samuel’s father, having purchased a share in a 
tea estate in India, and in the belief that his son would 
have good prospects of advancement in life as a tea 
grower, sent him to India in the autumn of that year. 
On arriving at the estate, in the tea district of Cachar, 
about 300 miles north-east of Calcutta, Sir Samuel 
acted as assistant manager for two years of the estate 
in which his father was interested, when he became 
manager. On his father’s death in the year 1869, he 
bought out his co-partner and became sole proprietor. 
Sir Samuel soon realised the inadequacy of the primitive 
methods then followed for dealing with tea, and prac- 
tical experience, combined with his inventive genius, 
suggested to him the possibility of replacing those 
primitive methods by mechanical appliances at the 
plantations themselves. He subsequently gave up 
tea planting and returned to Ireland, where he founded 
the Sirocco Engineering Works in the year 1881. 

Starting with one small workshop and seven work- 
men, the works are now extensive, well equipped, and 
employ about 1,000 hands. They have specialised 
mainly in the manufacture of the well-known Sirocco 
fans and in the construction of tea and rubber machinery. 
As we stated on page 712 of our preceding volume, 
when dealing with the Rubber Exhibition held last 
June at the Royal Agricultural Hall, Islington, the 
Sirocco Engineering Works displayed on that occasion 
a very complete and most interesting series of working 
models for the manufacture of rubber, starting from 
the latex. Apart from the three specialities above 
referred to, Sir Samuel’s inventions cover a wide field 
in the realm of mechanics, and he was a man of 
exceptional business ability with highly developed 
powers of organisation. 


CLELAND 


He became a member of the Institution of Mechanical | 


Engineers in 1888, and, as recorded by us a few weeks 
ago (page 15 ante), he was made a Knight of the Order 
of the British Empire on the occasion of the Royal 
visit to Belfast in June last, when the King opened 
the first Parliament of Northern Ireland. Sir Samuel's 
elder son, Captain J. 8. Davidson, was killed in the 
war; a younger son died in boyhood. His wife pre- 
deceased him a few years ago, and he is survived by 
two married daughters. 





Sarety Perrot TANKs For Arrcrarr.—While owing 
to careful design and inspection there is now little risk 
of aircraft taking fire in flight, there is still a possibility 
of the fuel tanks bursting or leaking in the event of a 
crash or a heavy landing and of the escaping of petrol 
becoming ignited. In order to obtain for service and 
commercial aircraft tanks capable of withstanding the 
rough treatment above referred to and also of remaining 
tight when subjected to machine gun and shell fire in 
warfare, the Air Ministry has arranged a competition 
for safety fuel tanks, to commence on December | next. 
Three prizes of 1,400/., 4002, and 200/. will be awarded 
and entries, addressed to the Secretary (R.D. 1), Air 
Ministry, Kingsway, London, W.C.2, must be received 
on or before November 7. Full particulars can be 


obtained from the address mentioned, but we may mention | 


that the tank is to be capable of being fitted within a 
space measuring 2 ft. 6 in. by 2 ft. by 2 ft., and its 
capacity must be within 5 per cent. of 30 gallons. 


a 

THERMIONIC VALVE AS VARIABLE High REsISTANCE. 

-A simple arrangement for utilising a thermionic valve 
as @ variable high resistance is described by Peter Lertes 
of the University of Frankfurt, in the Zeitschrift fiir 
Physik. The cathode filament of the valve is heated 
by the currents of a 6-volt. battery in circuit with a 
steadying resistance of iron. The main battery of 120 
volts is short-circuited by a resistance of 300 ohms. 
The ends of this resistance are connected by sliding 
terminals with the anode and cathode, and there is a 
further sliding terminal leading to the grid of the 
valve. When the grid potential is slightly varied, 
while the anode potential is kept constant, the anode 
current varies on.a largely magnified scale, and thus 
the amplifying valve acts as a variable resistance, 
With the arrangement described the resistance can 
be varied within the limits 103 to 108 ohms. The 
advantage of the valve.resistance is that it is quite free 
of polarisation and almost free of inductance and 
capacity. These factors are difficult to eliminate in the 
case of variable high resistances, 


WHITE LEAD IN PAINTING, 


One of the questions to be discussed at the Inter- 
national Labour Conference, which meets at Geneva, 
on October 25, is “‘ The Prohibition of the Use of White 
Lead in Painting.’’ In preparation for the Conferences, 
it was the duty of the International Labour Office to 
collect the most relevant and up-to-date information, to 
summarise it and set it out impartially, and to indicate 
the various alternative methods of dealing with the 
problem. The duty of a fair presentation of the facts and 
arguments for and against prohibition was, obviously, 
the more cogent because not a few of the Governments 
and of the representatives at Geneva will have had no 
previous knowledge of this particular subject, and are, 
therefore, likely to be guided exclusively by any publica- 
tion purporting to be official. 

Instead of adopting this course, however, the Inter- 
nationa] Labour Office issued to the States that will 
take part in the Conference a Memorandum and Ques- 
tionnaire which, it is alleged, is undisguisedly a plea for 
prohibition. Of this document, Lord Askwith has 
affirmed that it bears “‘ all the marks of haste and ignor- 
ance’’ and “might be well used as an advertising 
propaganda of a rival pigment.”’ 

Perhaps the most striking example of the partisan 
character of the document, it is urged, is the assumption 
in the first item of the Questionnaire: ‘‘In view of the 
fact that it is now technically possible to replace white 
lead in painting by efficient substitutes."’ It is right 
that the facts bearing on this phase of the question 
should be before the various Governments when con- 
sidering their attitude, but it is indefensible that they 
should be invited to consider the matter upon this 
question-begging statement of a most controversial 
matter. 

The London Chamber of Commerce has now issued a 
statement of the ‘‘Case Against Prohibition,’”’ the broad 
outline only of which is appended. Valuable statistical 
and other appendices have been omitted for reasons of 
space, 


I.—Tue Sratistics or Leap PoIsoNING 
WARRANT PROHIBITION. 

It is known that owing to the difficulty of diagnosis 
of lead poisoning, without special experience, very many 
cases are wrongly attributed to lead rg thus, 
tests made by the objective basophilic granulation 
method confirmed only 38 per cent. of the cases ascribed 
to lead poisoning by subjective clinical diagnosis, The 
tendency to attribute to lead poisoning all possible 
symptoms in a worker who is known or believed to have 
had anything to do with lead is influenced by the = 
tion of the Workmen’s Compensation Act :—‘‘ If the 
individual has been a lead worker, it is easy but frequently 
erroneous to conclude the symptoms owe their origin 
|to the worker’s occupation.’”’ (Legge and Goadby: 
| Lead poisoning and lead absorption, page 177.) Even 
so, the English Departmental Committees which con- 
sidered the question in 1911, stated that: ‘‘The rates 
of death and attacks due to lead poisoning among house- 
painters are thus comparatively small.’’ The general 
health of painters in England is known to compare 
favourably with that of other occupations. Thus, a 
comparison of the painters’ group (1,851 persons) with 
a general group (32,033 persons), both of the Hearts of 
Oak Benefit Society, for one year shows the following 
results :— 


DO NOT 


Percentage No. of Days’ 
Claiming Sickness r 
Benefit. Member at Risk. 
General Group 18 5-8 
Painters’ Group 11-1 4-1 


There were only one case of sickness ascribed to 
plumbism, and three cases to colic among the painters’ 


up. 

ante death rates, those for the painters’ were, at the 
time of the last Census for which figures are available 
(1901), lower at every age-period than those of the group 
“* Occupied Males of Industrial Districts.” 

The death rates are, indeed, lower than in many 
occupations not usually considered especially dangerous. 
Mr. J. H. Schooling the well-known statistician, has 
compared the painter’s risk with that of the other 
occupations as shown in the Registrar-General’s Report 
for 1908 (Cd. 2619), and has stated that the figures show 
| that the mortality among painters “is in no way exces- 
sive or abnormal: it has been decreasing as rapidly or 
more rapidly than the mortality of England and Wales, 
and there is a very large number of most varied occupa- 
tions, many of which are believed to be ordinarily healthy 
in which the mortality exceeds that of painters.’’ While 
the matter is one which requires the most careful con- 
sideration, there is, therefore, reason to believe that the 
risk of paint-poisoning among painters in England is 
not more than an ordinary industrial risk. 


II.—T HERE 1s No Errective Att-Rounp SuBstTITUTE 
FoR Waite Leap rm Parntina. 

Conditions of space make it impossible to set out the 
technical reasons for the superiority of white-lead paints. 
Essentially, it is due to its greater durability and hiding 
power and consequent economy, especially for outside 
use. The best practical proof of its superiority is the 
fact that, at any rate within the British Empire, the 
master painter prefers to use white lead. It is to his 
interest to turn out good work, and if substitutes had 
the advantages claimed for them by advertisement and 
in the pages of the Memorandum of the International 
Labour Office, they would have long ago superseded white 
lead upon their merits. Many buildings which during 
the war were painted with substitutes, owing to the 





shortage of white lead, are now in a deplorable con- 


dition because the substitutes have failed to protect, 
and have indeed left the surface in such a condition that 
it is difficult to put on a new protective covering, 


IlI.—Tue Proxririon oF Wuire LEAD WOULD NOT 
REMOVE ALL THE CHIEF CAUSES OF PAINTER’s 
SIcKNEss. 


If the risks incident to the painter's occupation are 
to be dealt with effectively, they must be viewed as a 
whole and all the dangers of the use of paint must be 
studied as to extent, cause and remedies, (a) There is 
now a great deal of evidence to show that a great deal 
of painter’s-poisoning is wrongly attributed to lead, 
and is due to the volatile thinners used in paints, The 
poisonous properties of turpentine, benzol, methyl- 
alcohol, &c., which are used as volatile thinners with 
most paints, whether with a base of lead, zinc or any- 
thing else, are now well known. To the vapours given 
off by them immediately upon the application, the 
painters are continually exposed. This is believed to be 
the reason for the prevalence of kidney diseases, and 
especially Bright’s disease, and for the frequency of 
gout, among painters ; workers in white lead factories, 
who are more directly exposed to the dangers of lead, 
do not commonly suffer from kidney diseases or from 
gout. (b) As to poison from the pigment, the tendency 
of modern research is to show that poisoning arises 
from the use of compounds of heavy metals, whether 
lead or zinc, &c. Modern opinion regards the source 
of the danger as being, primarily, the inhalation of 
dust, and, secondarily, paint carried to the mouth by 
paint-soiled hands, &c., and so absorbed by the digestive 
canal, The primary importance of dust has been empha- 
sised by nearly all the recent Governmental inquiries, 
Austrian, Belgian, Geneva, German. Dr, Legge, H.M. 
Medical Inspector of Factories, in his Report for 1918, 
summarising the experience of the years of the war, 
states :—‘‘ On the practical side, little more is to be 
learned as to how lead poisoning is caused, and it can 
be taken as axiomatic that all risk lies in inhalation of 
dust or fumes. These removed or prevented, there 
would be no lead poisoning.”” This view is strikingly 
confirmed by the rapid and continuous decrease of cases 
of lead poisoning in English white-lead factories, and 
in the Potteries, due to the introduction of regulations 
to prevent the inhalation of lead dust; #.¢., in white lead 
factories a fall from 399 (1899) to 19 (1919), a decrease 
of 97} per cent., and in the Potteries from 200 (1900) 
to 21 (1919), a decrease of 90 per cent. 

So far as the danger of poisoning arises from the 
pigment whether from dust or from paint-soiled hands, 
it can be effectively avoided by simple regulations. One 
inquiry after another has found that the principal causes 
of dust are the processes of dry rubbing down and dry 
scraping of paint: these can be replaced by processes 
of wet rubbing down. Another source of dust, namely, 
the drying of paint splashes on overalls, can be avoided 
by the regular washing of them. The danger arising 
from carrying paint to the mouth by paint-soiled hands, 
can be met by instruction of the painters as to the risks 
of poisoning, and the necessity of proper cleanliness. 
IV.—PrRouIBiTion Wovutp BE Very CostLy anp WovuLD 
BE Dirricutrt to ENrorce AND or DovustruL 
Errecr. 


(a) The Cost to the Community of Substitutes,—The 
number of structures, machines, and implements which 
require to be painted, if only for protection, show how 
large an item of public and private expenditure comes 
under the heading of “ Painting,’ and how important 
a consideration is the comparative cost of the use of 
pigments. The following are some of the facts which 
cause the use of zinc oxide and leadless paints to be 
relatively far more costly than that of white lead, it 
being always borne in mind that labour represents 
about four-fifths of the total cost: (1) Their inferior 
“hiding’’ power necessitates more coats and propor- 
tionately more labour; (2) more coats means a larger 
quantity of paint ; (3) their lesser durability necessitates 
more frequent repainting ; (4) repainting is more difficult 
on surfaces previously calened with substitutes ; (5) 
nothing works so easily under the brush as white lead. 

The only seriously suggested substitutes are zinc 
products ; as these are practically foreign monopolies, 
it is not possible to estimate the prices to which they 
would rise if white lead were prohibited. 

(6) Prohibition would have a disastrous Effect on Home 
and Imperial Industries.—{1) The White Lead Industry. 
Since 85 per cent of white lead is used for paint, prohibi- 
tion would extinguish the white lead industry in Great 
Britain, and its workers would be thrown out of employ- 
ment, In the event of an international prohibition, 
there would, of course, be no outlet by export; nor 
would the presence of 4 per cent. or 5 per cent. of lead 
in the plumbous zine white advocated by the Memo- 
randum of the International Labour Office materially 
affect the position. It would not be possible to adapt 
white lead factories to the manufacture of zinc oxide 
and other substitutes. White lead manufacturers are 
large users of certain necessities, such as earthenware 
pots, timber, spent tan and acetic acid. Their going 
out of business would adversely affect employment in 
these industries, 

(2) Imperial Lead Mines.—The world’s annual pro- 
duction of metallic lead is about 1,100,000 tons, of which 
210,000 tons to 220,000 tons, or 20 per cent. are used for 
conversion into white lead. The great bulk of white 
lead is used for poaens. As zine oxide is not equal in 
durability or hiding power to white lead, some 250,000 
tons of spelter (crude zinc), or its equivalent in ore, 
would be required in substitution for the lead used to 
make white lead. 

Deposits in zinc blende (ZnS) pure and simple exist 
only in relatively small quantities and in limited areas ; 





and these deposits do not occur in the British Empire. 
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far the ter part of the blendes used in the maki 

of spelter is by working deposits of mi 
ores, namely, silver-bearing lead and zine ores. Such 
deposits exist in many parts of the world and especially 
in Australia and Burma ; the Broken Hill mine in New 
South Wales produces 150,000 tons of pig-lead and 
zinc blendes (representing approximately, 100,000 tons 
of spelter) yearly, lead ores being the primary product 
and zinc ores a bye-product. 

Prohibition, by reducing the demand by nearly 20 
per cent., would inevitably cause a great fall in the price 
of lead ; and, it is stated, would have the effect of closing 
down the Broken Hill and other mines. 

As the zinc industry never has prospered in the United 
Kingdom and British Empire, the majority of the spelter 
works and zinc oxide works in the United Kingdom 
being at present closed, while Belgium and Germany 
continue to work their factories and smelters and are 
supplying the British market, the ruinous consequences 
of putting the British paint industry at the mercy of 
foreign producers of zinc is but too apparent. 

(c) If white lead were prohibited and there were no 
regulations of painting, the painter would still be exposed 
to the danger of poisoning from turpentine or other 
volatile thinners; from zine paint (zinc oxide being 

isonous, though to a less p mace than white lead) ; 
rom lead in the use of plumbous zinc oxide, the danger 
in this case being the worse owing to the worker’s false 
sense of security. 

(d) If, as proposed, there be permitted the use of 
plumbous zinc oxide (i.e., zinc oxide made by the 
‘direct’’ process and therefore containing a small 
percentage of lead impurity), some system of inspection 
will be necessary for the enforcement of the prohibition 
of white lead, As it is easy to cover up under-coats 
of white lead by a finishing coat of zinc oxide, it would 
be difficult to prevent the surreptitious use of white 
lead; this surreptitious use would be more dangerous 
to the health of the painter than the known and regu- 
lated use. This point was dealt with in the Report of 
the Geneva Commission as follows :— 

“Tt is said that Regulations would necessitate a 
policeman for every job or for every worker. Would 
it not be necessary to have far more policemen and 
inspectors, chemists and experts, to ascertain what 
there is in the paint pots containing countless mixtures 
of in able products of zinc mixed with lead? Is 
every coloured pigment containing any proportion of 
lead to be prohibited ? If so, the law would be made 
of no effect, as will inevitably be the case in France.”’— 
(La Ceruse, page 74.) 





V.—REGULATIONS ALONE wouLD EFFECTIVELY DEAL 
WITH THE CAUSE oF PAINT POISONING AMONG 
PAINTERS. 

A.—Nature of Regulations for Painting.—(a) Regula- 
tions to avoid Dust.—Regulations must primarily be 
directed to the danger of pang and in icular to dry 
rubbing down and dry scraping. should 
prohibited. 

(6) Regulations to ensure Cleanliness.—Next to dust, 
the chief source of danger of metallic poisoning arises 
from paint on unwashed hands and face, which may be 
conveyed into the mouth, especially in the handling of 
food or tobacco. This danger can be met by provision 
of the means of cleanliness and enforcement of their 
use. These may be summarised as follows :— 


(1) Provision of washing appliances—water, towels, 


ese be 


(2) Use of overalls and the washing of them. 

(3) Ventilation. 4 

(c) General Regulations :— 

(1) Periodical medical inspection is of special import- 
ance, use paint poisoning is slow and cumulative 
in its effects, - 

2) Printed advice explaining the dangers of the 
industry, with suggestions as to their avoidance, is of 
importance, because the average painter is frequently 
found to be indifferent to the dangers incidental to his 
calling. 

B.—The Machinery of Regulations.—It isnot necessary 
to elaborate any specific scheme. The machinery of 
enforcement is an ordinary administrative matter for 
each country concerned, and does not present excep- 
tional difficulties. It is said that Regulations would 
difficult to enforce because the painting industry is one 
in which men are engaged on many se te jobs for 
short periods and often in quite small numbers. It 
is admitted that it is not so easy to enforce regulations 
in such cases as in a factory industry, but effective 
enforcement is nevertheless quite practicable. It 
would be quite unnecessary that every job should be 
inspected ; surprise visits and the rigid infliction of 
penalties would soon have the desired effect. Regula- 
tions for the purity of milk are more difficult to enforce 
than regulations for painting, although of more vital 
importance, yet a fairly high standard is maintained 
without daily visits. The observance of a law does not 
depend on any certainty that a breach will be detected 
but upon the knowledge that if discovered it will be 

unished. It is s ted that the operative Painters’ 

rades Unions might usefully co-operate in seeing that 

re scope wen en: orced, e.g., by officially giving infor- 
tion of br 





Governmental Investigations in European Countries.— 
The subject of lead poisoning has been recently investi- 
gated by Commissions of a in a number of Euro- 

countries—Austria, igium, France, Geneva 
State), Germany, Great Britain, Switzerland. With 
the e tion of France and Great Britain (for reasons 
pe Mie ame Prey agp eee ” shows to be 
i te t icy of ation, 
and in particular r mets in ae A of teat dust. 

Of these investigations, that of Geneva was, perhaps, 








the most illuminating, and its general conclusions may 
be usefully quoted :— 

1. “* White lead as used for painting in Geneva does 
not constitute a social danger necessitating a measure 
so extreme as prohibition. 

‘2. White lead is a necessity for which zinc oxide is 
not an all-round substitute. 

“3. Painting with white lead is not a real danger 
when simple ations are taken. 

‘4. Lead dust may be avoided by the use of white 
lead in the form of paste, i.e., ground in oil (long been 
a@ practice in Great Britain), and by preventing dry 
rubbing down and dry pumice stoning and burning 
off of old paint.’’—(La Ceruse, pages 17-19.) 

It has well been said :—‘‘ There is a danger that all 
ill-considered interference with industry for reasons of 
hygiene will defeat their own object, and that those 
very workers whom it is sought to protect, or perhaps 
an equally important or numerous body of workers, 
will te deprived of their livelihood. hibition of 
the use of a dan, us article is a mode of dealing with 
the danger which is, in my view, somewhat childish in 
its simplicity, and would lead to an almost intolerable 
interference with the machinery of civilisation if it were 
applied to all the substances which are of greater danger 
i white lead.”’ 

A former inquiry at Geneva reported that :—‘ The 
danger is not sufficient to necessitate the prohibition 
of a material, the careful use of which does not con- 
stitute a social peril. There is an industrial risk, and we 
do not suppose that it can ever be abolished in pointing 
any more than in any other occupation. At the forge, 
the slate-quarry, the loom, as a fileworker or a dyer, 
the worker is ex to risks often more serious. We 
do not desire by yielding to the quite natural sentiments 
of those who are concerned for the workers and demand 
prohibition, unnecessarily to do the business of certain 
financial and commercial monopolies and of certain 
manufacturers of zinc.’’—(La Ceruse, pages 64 and 69.) 








FATAL EXPLOSION OF A WATER-TUBE 


BOILER. 

A PRELIMINARY inquiry has been made by the Board 
of Trade under the Boiler Explosions Acts, 1882 and 1890, 
with regard to an explosion which occurred on December 2 
last, at the works of Messrs. C. F. Taylor and Co., Limited, 
spinners, Shipley, and by which one man, an ash-wheeler 
named Naylor, was killed. The inquiry was conducted 
by Mr. Charles Harvey, engineer surveyor to the Board 
of Trade, and from his report, which has just been pub- 
lished, we have obtained the following particulars :— 

The boiler was of the Thompson water-tube type, 
having three steam drums 4 ft, in diameter by 17 ft. in 
length, and three water drums 3 ft. 3 in. in diameter by 
13 ft. 4 in. in length. Each pair of upper and lower 
drums were connected by 140 tubes 3} in. in diameter 
and nominally 8 L.8.G. thick. The tubes, some of 
which were solid drawn, and others stated to be lap- 
welded, were in straight lengths and were expanded into 
the drums. Adjacent steam drums were also connected 
by 30 equalising tubes, and the water drums were 
similarly connected, having 22 circulating tubes between 
the front and middle drums, and 13 between the middle 
and back drums. 

The boiler was constructed of steel and was fitted 
with the usual mountings, the safety valves being loaded 
to 200-lb. pressure per square inch. It was made by 
Messrs. John Thompson (Wolverhampton), Limited, in 
1919, and was thus about two years old at the time of 
the explosion. 

According to Mr. Harvey’s report, a number of 
repairs at various times, consis chiefly of the 
renewal of water tubes and circulating tubes, and of 
which alist is given, had been made, but we need not 
give the details of these. The boiler was insured with 
the Vulcan Boiler and General Insurance Company, 
Limited, Manchester, and was last inspected by a repre- 
sentative of that company on July 8, 1920. Mr. Hatters- 
ley, the works engineer, also inspected the boiler from 
time to time, and tested it to a hydraulic pressure of 
250 Ib. per square inch on August 23, 1920, having re- 
newed two tubes a few days previously. 

On the occurrence of the explosion, the tenth tube 
from the left-hand side in the first row of the front bank 
of tubes, was ruptured longitudinally for a length of 
23}in., at a distance of 6 ft. 7in. from its lower extremity. 
The aperture, the greatest width of which was 6 in., 
was on the side of the tube remote from the fire. The 
lower end of the tube was drawn out of the drum, and 
through the openings thus formed the contents of the 
boiler escaped. There was about 195 lb. pressure on 
the boiler at the time. 

The failure of the tube ap’ to have been due to 
the material being in a brittle condition, rendering the 
tube unfit for the pressure at which it was worked. 

In his concluding remarks, Mr. Harvey states that there 
were three boilers at the works, but only two were on 
duty at the time, the remaining boiler being then scaled 
and repaired if necessary. Number three boiler (the one 
which failed) was last cleaned during the period from 
May 10 to July 8, 1920, and when inspected by him a 
few days after the explosion it was practically free from 
deposit of any kind, there being only a very thin scale 
on the tubes. The drums were free from deposit, and it 
is stated that it was the practice to blow a little water 
out of the lower drums every evening in order to remove 
any sediment that might have accumulated. 

December 2, the man Naylor came on duty at 
7 a.m., and a few minutes before 9 a.m., went into the 
ashpit in order to clear the same of ashes by throwing 
them on to the boiler room floor. The pit was 5 ft, 
wide and 4 ft. 6 in. deep, and so situated that the ashes 
from the chain grates would be deposited into it when 





the clearing doors at the end of the grates were suitably 
operated. 

At about 9 a.m, the explosion occurred, filling the boiler 
room with dense smoke and vapour. The boiler-room 
staff tried to render assistance to Naylor, but found the 
ash pit He ape filling with water liberated from the 
boiler, while scalding water also poured from the grates 
making it impossible to remain near the boiler. fn the 
meantime the boiler-room foreman had closed all con- 
nections between the No. 3 boiler and No. 2, which was 
also under steam, thus preventing the flow of steam from 
the latter to the damaged boiler. In the course of 
about half an hour the water drained away from the 
pie. and the body of the deceased man was found near the 
adder at the right-hand end. 

The tube which failed, the report goes on to say, 
was of solid drawn steel, and was one of those originally 
fitted ; it showed very little sign of corrosion, the thick- 
ness near the fracture being 0-137 in., or 0-023 in. less 
than the original thickness. The material, however, 
appeared to be of a brittle nature. A test piece taken 
from the tube near the line of fracture gave an elonga- 
tion of 5 per cent, in a length of 8 in., the tensile strength 
being 31-88 tons per square inch. Bend tests were also 
carried out, and while the material withstood bending to 
180 deg. without fracture, over an axis at right angles 
to the longitudinal axis of the tube, the pieces failed in 
all cases, when bent over an axis parallel to the longi- 
tudinal axis of the tube, before 90 deg. was reached. 
Mr. Harvey concludes his report by saying: ‘“‘ The 
fractures in all the cases revealed streaks of fine and 
coarse crystalline metal, and I am of the opinion that 
the material was in an unsuitable condition for the pur- 
pose for which it was used.” 

In his ‘observations,’ Mr. Carlton, the engineer- 
surveyor-in-chief to the Board of Trade, says : “There 
appears to have been only slight loss of thickness from 
corrosion of the tube, and in view of the tensile strength 
of the material and the moderate stresses to which 
it was subjected, it seems probable that, in addition to 
the material being rather brittle, the tube was cracked 
longitudinally. Defects of this nature are very difficult 
to detect after the boiler has been constructed, and as 
such defects probably originate in the course of manu- 
facture, very at care is required in the examination 
and testing of all tubes, both solid-drawn and lap welded, 
intended for water-tube boilers, to ensure that the tubes 
are sound and free from flaws, and that the material of 
the finished tubes has the essential qualities of toughness 
and ductility. 

“Tt was oa yg eer | unfortunate that Learoyd Naylor 
who was killed, should, in the course of his duties, have 
been working in the ashpit of the boiler at the time of 
the explosion, and so received the full effects of the 
explosion.” 








Roap-Buitpine my Canapa.—According to a state- 
ment made by Hon. A. MacNab, Minister of Public 
Works, 7,200 miles of new trunk roads will be built by 
the Saskatchewan Government within the next three 
= 2,500,000 dols. are to be spent this year on 
the work. 





THE Bearinc-MetTat GENELITE.—The bronze ne- 
lite,” which has been developed in the research labora- 
tories of the American General Electric ker ora. 
is said to have remarkable properties as regards lubri- 


cation (Chemical and Metallurgical Engineering). The 
bronze consists of a mechanical mixture of a “syn- 
thetic’? bronze with 40 per cent. of graphite. The 
h 





is p d by mixing the oxides of tin, lead and 
copper) in desired proportions, with an excess of 
phite sufficient partly to reduce. the oxides ‘and to 
eave about 40 per cent. of graphite in the alloy. The 
alloy is roughly shaped by compression in metal moulds. 
It leaves the mould in a brittle condition and is rendered 
homogeneous by a heat treatment and finished by 
grinding, as it cannot well be machined. The tensile 
strength of genelite remains very low, but it resists 
high compression. A peculiar property is that genelite 
up about 2} per cent. by weight of oil, and can be 
kept lubricated by capillary attraction, somewhat like 
a wick. It may thus be sufficient to keep thé outside 
of a bushing lubricated, and for this and other reasons 
genelite has been found useful, especially to lubricate 
inaccessible parts of automobile engines. 


Lonpon County Councit: “ARCHIBALD DawnayY”’ 
ScHoLarsHIPs In Civy ENGINEERING.—The late Sir 
Archibald Dawnay ueathed a sum of money to the 
London County Council for the provision of scholarships 
tenable in civil cighurming courses, and regulations have 
now been drawn up for the award of the scholarships. One 
scholarship will awarded each year to candidates 
between 16 and 18 years of age who have or are 
exempt from the matriculation examination of the 
University of London. The scholarships will be tenable 
for two, or in some cases three, years in the course in 
civil sugineseing 1S the Battersea Polytechnic, North- 
ampton Polytechnic or the Finsbury Technical College. 
Additional institutions at which the scholarships may 
be held may be a: gta in future. The maintenance 
grant provided will be 110/. a year, from which the scholar 
will require to pay his tuition fees, &c. Candidates 
will be required to comply with the Council’s general 
scholarship regulations with re to residence, 
nationality, &c. The first award will be made early 1D 
the autumn term, 1921. Application forms (T. 2/274) 
may be obtained from the Education Officer, New 
County Hall, S.E.1, and must be returned to those 
offices on or before September 24, 1921. 
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THE VAAL RIVER SCHEME WITH SPECIAL 
REFERENCE TO THE VAAL RIVER 
BARRAGE.* 


By W. Incnam, M_Inst.C.E., M.I.Mech.E., Chief Engineer, 
and J. C. Hawkins, Assoc.M.Inst.C.E., Resident 
Engineer of the Barrage. 


In 1886, the Rand was proclaimed as a Goldfield, and 
im December, 1887, the late South African Republic 
granted Mr. (now Sir) James Sivewright ** the right to 
lay pipes through the streets of Johannesburg in order 
to supply the inhabitants thereof with water’’ from a 
source which he had acquired on the farm Doornfontein. 
Among other conditions attaching to this concession, 
the grantee was obliged to form a Company—sub- 
sequently known as the Johannesburg Waterworks 
Estate and Exploration Company, Limited—and to 
charge not more than 2/. per 1,000 gallons for any water 
supplied ‘to the public. In 1889, the Waterworks 
Company had available an estimated supply of about 
750,000 gallons a day. ‘To meet the increasing demand 
of the town and the suburbs, which were beginning to 
spring up very rapidly, the supply was gradually in- 
creased, pntil in 1893, 862,000 gallons per day were 
available, although the consumption only average 


400,000 gallons per day ; in 1895, the yield was increased 
to 1,470,000 gallons per day, while the demand was 
According to the Census 


866,000 gallons per day. 


Olifantsvlei and other properties in the Klip River Valley 
and in A t, 1899, the syndicate commenced to pump 
water to the mines from Olifantsvlei, and by the end of 
that year it was estimated that a supply of about 3,000,000 
gallons per day from the dolomite was well in hand, 
although the actual quantity available was only about 
500,000 gallons per =. 

A Commission was appointed in 1901, just after the 
Boer War, and the terms of reference were as follows :— 
(a) To examine the ayailable sources of water supply. 
(6) To prepare a scheme for the creation of an unfeiling 
water supply for the Rand and the mines, taking into 
consideration future requirements, and (c) To consider 
the constitution of a public body for carrying out and 
controlling the said scheme. As a result of this Com- 
mission, the Rand Water Board was constituted by 
Ordnance No, 32 of 1903, and the Board was obliged to 
take over on March 31, 1905, the whole of the under- 
takings of the Johannesburg Waterworks Company, 
the Vierfontein Syndicate and the Braamfontein Com- 
pany. An Arbitration Court was appointed in 1904, 
with the result that the Board had to pay 2,200,000/. 
for the works in question. Mr. Leitch, M.Inst.C.E., was 
the first chief engineer of the Board, and under his 
direction the Zwartkopjes source of supply was deve- 
loped. In November, 1910, Mr. W. Igham, M.Inst.C.E., 
M.I.Mech.E., was appointed chief engineer, and the 
maximum available supplies were then about 8-9 million 





gallons, and the minimum about 4-9 million gallons per 








Fig. l. View’ or 


return of 1896, the population of Johannesburg in that 
year was as follows :-— 


Europeans 51,000 
Natives 45,000 
Asiatics 6,000 

Total 102,000 


It may be interasting to note that, according to the 
latest Census return (1921), the population of Johannes- 


burg is =+— 
Euro ‘ = 150,509 
Natives ° 116,569 
Asiatics See 5,367 
Other Coloured 10,459 
Total vin) ou 82,904 


In 1897, water rights over the farm Zuurbekom were 
acquired, and pumping from that source was commenced 
in the following year. From that year until the transfer 
of its undertakings to the Board, the company had no 
difficulty in meeting the requirements of the consumers 
within the limited area which it then served. The area 
within the Board’s limit of supply is 1,712 sq. miles, and 
the population within that area is about 550,000, of 
which about 250,000 are whites. 

The total capital expenditure on the Board’s works 
up to date is about 4,050,0001. 

Prior to 1899, two other companies, namely, the Vier- 
fontein Syndicate, Limited, and the Braamfontein 
Company, Limited, were formed for supplying water, 
the first-named to the mines and the latter to the district 
of Parktown...The Braamfontein Company had avail- 
able about 100,000 gallons per day from the wells and 
boreholes at Sans Souci, The Vierfontein Syndicate 
carried out investigations at that time for water for 
mining purposes on the farms Vierfontein, Zwartkopjes, 





Mi Paper read before the African District Meeting of 
the Institution of Municipal and County Engineers, at 
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day. Under his direction, the Zuurebkom sources were 
developed, and the quantity from this area increased 
from 2-+5 million to 7-3 million gallons per day. In 
addition, temporary water supplies from certain mines 
on the East Rand were also obtained. 

Owing to the intreasing demand for water, the Board 
instructed the chief engineer, in 1911, to proceed with 
investigations for further supplies. As a result of the 
chief engineer’s investigations into all probable sources 
of supply within a radius of 50 miles of Johannesburg, 
he recom: the Board to adopt the Vaal River 
scheme. In 1913, the Board deci to ta Bill 
to the Union Parliament for the right to impound in 
the Vaal River a quantity of water sufficient to provide 
for a supply of 20,000,000 gallons per day. The Bill 
was in June, 1914, and is known as Act No. 18 
of 1914. This sch was selected by the Board from 
21 schemes reported upon by the chief engineer, 
and the total cost of these schemes was about 25,300,000/. 

The impounding reservoir is being constructed to 
contain 13,633,000,000 gallons of water, and after allow- 
ing for all,losses due to evaporation and absorption, 
water below the point of abstraction, and also deducting 
1,800,000,000 gallons impounded and reserved for 
riparian owners, there is 7,500,000,000 gallons available 
for pumping tothe Rand, This quantity gives 20,000,000 
gallons per day for one year if no water enters the reser- 
voir. The barrage is being constructed about 25 miles 
downstream of the Vereeniging Railway bridge, and the 
length of reservoir is nearly 40 miles. The point of 
abstraction is about 1} miles below the railway bridge 
at Vereeniging, where a river intake and pumping station 
has been constructed, Vertical spindle centrifugal 
pumps, driven electrically from the main station, raise 
the water under a head of 80 ft. through a 33-in. diameter 
pipe line to the main pumping station, where the water 
wil] be treated with sulphate of alumina and allowed to 

through sedimentation tanks and then through 
‘* rapid mechanical filters.’’ This method of purification 
is nece owing to the finely divided silt which the 
water of the Vaal River contains, The silt contents 
ranges from 100 parts to 1,050 parts per million by 














weight. After passing the filters the water will be 
sterilised by chlorine produced electrically from common 
salt. From the main pumping station, steam turbo- 
centrifugal pumps will raise the water to the Zwartkopjes 
pumping station, under a head of about 500 ft. through a 
composite 22-in. and 24-in. diameter pipe line 26-3 miles 
in length. From Zwartkopjes, the water will be pumped 
to the Forest Hill reservoir (capacity, 5,000,000 gallons) 
under a head of 1,100 ft., and to the Leeuwpoort reservoir, 
under a head of 960 ft. A pipe line will be laid between 
the Zwartkopjes pumping station and Leeuwpoort reser- 
voir, and this will be composed of 18-in., 21-in. and 24-in. 
diameter pipes 16-9 miles in length. The new pumping 
units which are being installed at Zwartkopjes, are 
steam turbo-driven centrifugal pumps, capable of raising 
5-5 million gallons against a head of 1,100 ft. 

The following work has already been completed :— 
Reservoir at Benoni, capacity 2,500,000 gallons, cost 
8,760. Reservoir at Signal Hill, Germiston, capacity 
2,500,000 gallons, cost 10,1961. Pipe line to noni 
reservoir, 12-in. diameter and 12,000 ft. long, cost 10,6571. 
Pipe line from Signa) Hill to Simmer and Jack reservoirs, 
12-in, diameter and 4,000 ft. long, cost 3,798/. Pipe line 
from Village Main Reef pumping station to Signal Hill 
reservoir, This is a composite line of 18-in,, 24-in., 
26-in., 27-in,, and 29-in. pipe and 35,500 ft. long, cost 
79,179. 

Reservoirs under Construction.—One is at Zwartkopjes 
pumping station, one at Forest Hill, and one at Vereenig- 
ing, each, having a capacity of 5,000,000 gallons. The 
accepted tender prices are :—Zwartkopjes, 15,257/., 
reinforced concrete walls; Forest Hill, 13,113%. mass 
concrete walls ; Vereeniging, 11,587/., reinforced concrete 
walls. 

The estimated cost of the Vaal River scheme for 
engineering only, is 1,580,4361., but the cost of the 
scheme, after allowing for all charges, will be about 
1,750,0001. The estimated cost of the barrage alone 
is 382,0001, The scheme now under construction is for 
a first instalment of 5,000,000 gallons per day. The 
total capital expenditure after the new scheme is com- 
pleted will be 5,150,000/. 

The purpose of this paper is, however, to describe 
more particularly the construction of the barrage. After 
an exhaustive survey of the bed of the river, for a length 
of 130 miles, the site where the barrage is now bein 
constructed, was chosen because ther was a d wolid 
rock bottom, and the fall of the river was such that the 
necessary quantity of water could be impounded with a 
depth of only 25 ft, at the barrage. It may be mentioned 
that the fall of the river bed between the barrage and 
the river prveins station is only 8 ft. in a length of 234 
miles, The pumping station is being constructed at 
Vereeniging, owing to the proximity of the railway and 
the coalfields, and also to save a large sum of money in 
conneetion with the laying of a pipe line fron the barrage. 
The rock at the barrage site is an outcrop of amygdaloidal- 
andesite or diabase, which is very hard, dense and brittle, 
and weighs about 142 lb. per cubic foot. The: concrete 
weighs about 138 Ib. per cubic foot, 

The barrage consists of a series of steel gates installed 
between concrete piers. There are 35 piers and two 
abutments, each 8 ft. thick, 55 ft. long, and 34 ft. 6 in. 
high. There are 36 steel gates, each 25 ft. high, the 
clear opening being 30 ft., the gates are 32 ft. 64in. wide, 
being let into the piers for a distance of about l5in, The 
weight of each gate is 26 tons, but with the balance weight, 
operating gear and other appurtenances, the total weight 
for each opening is about 100 tons. The pressure on 
each gate is, roughly, 300 tons when the reservoir is 
full. The gates will be fully raised during periods of 
high floods, so that the flow of the river will not be 
obstructed, and the reservoir will be kept free from silt. 
The average velocity during high flood is about 9 ft. 
per second, When the gates are raised to their highest 

sition, there wil] be a clearance of 7-4 ft. above the 

ighest known flood level, which was 26 ft. 6 in. deep 
at the site of the barrage in November, 1917, and the 
calculated discharge at that time was 183,000 cub. ft. 
per second. To enable the gates to be lifted, which, 
with appurtenances, weigh about 29 tons each, the gate 
is counterbalanced with a weight just over double that 
of the gate, and it will be observed that the travel of 
the counterbalance is only one-half that of the gate. 
On the top of the piers a superstructure Funes. | of a 
reinforced concrete platform supported by reinforced 
concrete trestle columns is being built. (See Fig. 2.) 
The gates and counterbalances are suspended from this 
platform, and the operating gear for the gate is also 
worked from this level. The height of the platform 
from river-bed level is 71 ft., and the total height from 
the bottom of the foundations is about 82 ft. To open 
a gate, it will only be necessary to withdraw a clutch 
when the counterbalance wil] raise the gate to within 
2 ft. of the full lift. The operating gear is arranged 
with a flywheel, which will damp the speed of the gate 
and, in addition, a special cam, fixed on the winding 
drums, acts as an automatic brake at the end of the 
upward travel. The gate will be lifted for the last 2 ft. 
of its height by means of worm gearing Spores by hand. 
The gate will also be closed by hand by the worm gearing. 
The time taken to open each gate will be about three 
minutes and to close it, about 20 minutes. The gate 
could be raised in one minute, but it is undesirable to 
raise a gate too quickly, owing to the high velocity of 
the water having a tendency to erode the apron. 

The Union Government has availed itself of the 
opportunity of constructing a road bridge on the down 
stream side of the piers, and the Board have undertaken 
to construct it at cost price, plus 10 per cent. The cost 
of this bridge will be about 22,250/. 

The work to be done may be divided as follows :— 
(a) Excavation into the banks of the river to increase 
the waterway. (b) Concrete apron, 4 ft. thick, 100 ft. 
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wide, and 1,376 ft. in length. (c) Concrete piers, 34 ft. 
6 in. high, 8 ft. thick, and 55 ft. long. (d) Reinforced 
concrete low-level bridge for Goliath crane track and 
footwalk. This crane is for handling the steel gets, 
which weigh about 29 tons with accessories. (e) Thirty- 
seven reinforced concrete trestle columns to carry 
spans of high-level bridge. (f) Thirty-six reinforced- 
concrete balance boxes, 32 ft. long by 4 ft. 6 in. wide 
and 8 ft. high, having a total weight of about 62 tons 
each. (g) Thirty-six steel gates, each 32 ft. 6 in. wide 
by 265 ft. high, together with all the accessories. (h) Re-in- 
forced-concrete road bridge, 1,400 ft. long and 36 ft. 
above the level of the apron. 

Excavations.—About 275,000 cub. yards have been 
excavated in rock, shale, clay and earth. The object 
of cutting into the banks of the river was to increase 
the waterway to compensate for the area taken up by 
the concrete piers, so that there shall be no question 
of the piers obstructing the natural flaw of the river in 
flood time, The additional waterway thus created is 
about 40 per cent. greater than the original area. 

The Rock Excavation was carried out by means of 
rock drills, chiefly of the Flottman type, operated by 
compressed air (pressure, 75 lb, per square inch at com- 

ressor), and the earth on the O.F.S. bank was removed 

ydraulically. The plant required for the latter opera- 
tion included a Sulzer centrifugal pump and a 250-h.p. 
steam engine. A Renold’s chain was used for driving 
the pump, and it worked in a very satisfactory manner. 
Water was pumped from the river through a 15-in. main. 
having three 8-in. branches. The ends of the 8-in. 
branches were provided with monitors having 1}-in. 
and lj-in. nozzles, and the water pressure was main- 
tained at about 80 lb. per square inch at the jet. The 
centrifugal pump was capable of supplying 2,100 gallons 
per minute. This method was found to be cheap and 
expeditious for removing the earth and soft clay. The 
rock at the barrage site is continuous across the river 
and no difficulties were encountered with the foundations. 
in blasting the rock in the river bed, only shallow holes 
were put down, the bottom of which were never less than 
9 in. above the finished level. This depth, 18 in., was 
most suitable for this class of rock, and it was found 
that by using small charges that the rock was not 
shattered. 

River Diversion.—Generally, the principle adopted 
was to dam off sections of the river bed by coffer dams 
commencing at the Transvaal side and working south. 
Concrete walls were constructed for the upstream side, and 
clay core walls for the cross and down-stream walls, The 
latter walls were cheap and easy to replace, and in large 
floods were washed away and gave a free way for the 
silt being carried down the river. ‘These clay core walls 
were of two types :—({1) Two rough stone walls were 
built up about | ft. high with a space of 1 ft. between 
them, and the space filled with clay and well rammed, 
This operation was repeated until the desired height 
was obtained. (2) Cement bags filled with rubble and 
earth taking the place of stone walls and clay puddle 
betweeh them. The upstream concrete wall was not 
built continuous, but gaps were left in it, into which 
concrete slabs 6 ft. wide and 2 ft. 3 in. deep could be 
fitted, allowing the gaps to be opened or closed at will, 
so that in the event of a freshet coming down the river 
some of the slabs could be taken out, to prevent flooding 
if concrete work was in progress. To enable work to 
proceed during freshets, cross walls were built at frequent 
intervals to prevent the flooding of the whole area. 

Concrete Work. Apron.—The apron (see Fig. 1) covers 
the rock bed for the entire length of the barrage and for 
a width downstream of 100 ft. Its purpose is to prevent 
erosion of the foundations under and downstream of the 
piers, and for this reason is carried 45 ft. béyond the 
back of the piers, It may be as well to mention that 
great care should be taken to avoid erosion downstream 
of a dam or barrage, bearingin mind the costly experience 
at the Assuan dam. The average thickness of the apron 
is 4 ft., and the concrete mixture was 1-3-6, except for 
the top 6 in., which was 1-2}-5. Drains were con- 
structed under the concrete, downstream of the gate 
sills to prevent any upward pressure on the apron. 
Whenever possible, the concrete was put in, for the 
full thickness of the apron and one day’s concreting 
varied from 100 cub. yards to nearly 300 cub. yards. 
About 25 per cent. of displacers or plums were placed 
in this concrete. In order to bring the concrete to a 
good surface, the shuttering for each day’s work was 
accurately levelled and when the concrete was brought 
up to surface level, it was rolled with a 4-in. pipe, this 
4-in, pipe was 23 ft. long, and the smallest dimension 
for the days patch’ was always kept 2 ft. less than the 
length of the pipe, so that the pipe could be rolled along 
the top of the level shuttering or screeds. This method 
of finishing off proved very effective and cheap, as it 
not only gave a level surface, but squeezed out excess 
water and laitance. 

On the downstream edge of the apron a dwarf wall 
3 ft. high has been constrictéd to form a pond at the 
back of the gates, and thus break the velocity of water 
when the gates are being opened, cross walls 3 ft. high 
have also been built from the end of every fourth pier 
to the dwarf wall erected at the downstream edge of 
apron so as to prevent cross currents. 

Piers.—There are 35 piers and two abutments built 
as at 38-ft. centres. They are 8 ft. thick, 34 ft. 6 in, 
high and 55 ft. long. The foundations for the piers 
were carried at least 12 in. into the solid rock below the 
— foundation, and the concrete was of 1-24-5 mixture, 
The maximum depth of the pier foundations was about 
6 ft. below the surface of the rock. All piers were built 
up in 6 ft. lifts, with 6-ft, by 3-ft. wooden shutters, and 
these proved to be a very useful and handy size. For 
the first lift the shutters were braced to the apron, and 
to provide for the successive lifts bolts were cast into 


the concrete 10 ft. apart and 6 in. below the top of the 
shuttering. This method left a clear opening ween 
piers for the discharge of floods, and enabled the form 
work to be put up and dismantled at all times, providing, 
of course, that the river was flowing below the level of 


6| the last batch of concrete. 


Reinforced Conerete.—All reinforced concrete is’ at 
least 35 ft. above the level of the apron. The whole of 
the materials for the reinforced concrete have been 
proportioned on the Duff’ Abrams method for the 
“Design of concrete mixtures,’ and at present the 

portions used are 1-1°64-4, with a water ratio of 
0-72 cub. ft. of water to 1 cub. ft. of cement and a relative 





were all cast on the Transvaal Bank and after two month- 
were placed in situ and the Jarger girders were cast o1 
the, top of them. This was done to save the expense 
of building a gangway to carry the big girders. It was 
found that the large girders required a setting time of 
six weeks before they could be lifted without showing 
any deflection, 

Superstructure Columns for High Lever or Operating 
Bridge.—On account of the rapid filling of the sma)! 
quantities of concrete required for this work it wa; 
found that’ the pressures would be too great if a whol 
form was filled-to its full height in one day unless the 
forms were strengthened considerably, and this would 
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consistency of 1-10. It should be mentioned that all 
crushed stone is saturated with water during crushing, 
so that the only water used subsequently is for the hydra- 
tion of the cement. The sand does not absorb much 
moisture, as it is almost pure silica. Where the rein- 
forcement is close together and there is little space for 
concrete, as on the tension side of the beams, a slightly 
wetter mixture is used in order to facilitate the filling, 
and the stone is screened through a }-in. sieve. 
Reinforced Concrete for Low-Level Bridge.—The low- 
level bridge consists of two lines of straight girders, 37 ft. 
10 in. long, 4 ft. high and 16 ft. thick, each weighing 
14 tons, and with a clear span of 30 ft. These girders 
are designed to carry a Goliath crane capable of trans- 
porting a 30-ton load. A smaller girder weighing 7 tons 
will carry one side of a foot bridge, and the other side is 
earried by one of the 14-ton girders. The smaller girders 














Fic. 3. Erecrion or Prers AND BRIDGE. 


considerably increase the cost of the falsework. Owing 
to there being plenty of concrete work 'to go on with. 
these forms were filled in two stages, at intervals of 
12 hours between each, and at the end of seven days the 
false work was removed. The only factor which pro- 
hibited the removal of the forms in less time was the 
large cross beams required for bracing. As will be seen 
in Fig. 3, the false work for the conerete for the high- 
level bridge is carried on trussed timber beams (35 ft 
spans) at a height of 70 ft. above apron level. These 
trmber trusses are designed to carry 16 tons with a deflec - 
tion of 1 in., and are carried on eight steel-pipe supports 
each 27 ft. high. The total load of wet concrete and 
falsework per span is 64 tons. All falsework is designed 
with a view to rapidity of erection, dismantling and re- 
erection, and for use many times over without being 
unduly damaged. It was found that four sets of shutter- 
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ing were sufficient for the 37 columns with occasional 
renewal of the boards. 

Balance Boxes.—These will be cast in situ as soon as 
the false work for the high-level bridge is struck. Two 
of the trussed beams used for the high-level bridge will 
then be lowered to the piers and the falsework for the 
balance boxes erected on them. Each box has six 
compartments, with 5-in. outside walls and 5-in. parti- 
tion walls, The compartments are each 4 ft. 2 in. by 
2 ft. 8 in. Wy 7 ft. 3in. deep. These compartments will 
be filled with stone and sand to make up the requisite 
weight for balancing the gates. The angle iron used in 
the design of the falsework will subsequently be used for 
the hand teil stanchions on the high-level bridge. 

Steel Gates.—The steel gates will be of the free roller 
type, and will be operated by hand in single units. 
A complete gate will consist of eight steel bow string 
trusses, each 31 ft. 7 in. long by 4 ft. 6 in. deep in the 
centre, spaced and joined by }-in. steel skin plates. Each 
gate will weigh 26 tons and will have a travel of 34 ft. 
or 7 ft. 4in. higher than the highest known flood. The 
operating mechanism will consist of :—(1) A balance 
box, weighing about 62 tons, which is attached to the 
gate by wire ropes. (2) Conical drums, around which 
the wire ropes attached to the balance box are wound. 
(3) Operating headstocks. 

To raise the gates it will merely be necessary to with- 
draw a clutch which allows the balance weight to come 
into action. The design of the mechanism is such 
that the maximum accelerating force is exerted at the 
commencement of the travel of the gate. Once move- 
ment has been started, the velocity continues to increase 
until the gate has travelled through a distance of from 
12 ft. to 15 ft. according to the setting. Thereafter on 
account of the conical ie of the winding drums a 
change takes place and the velocity commences to 
diminish and continues to diminish until the gate comes 
to rest. When the gate reaches its highest position, 
it has a tendency to reverse its direction of motion and 
pawls drop into rachet wheels and lock the gate in posi- 
tion, 

Reinforced-Concrete Wagon Bridge.—The Public Works 
Department wagon bridge will be constructed in units 
of four spans to the type of designs of the Public Works 
Department. The shuttering will be carried on three 
trussed beams and the total weight of concrete and 
false work may be taken at about 52 tons per =: 

Concrete Blocks.—The base on which the Public 
Works Department bridge is carried is faced with con- 
crete blocks, which were cast in moulds on shore. These 
blocks were made to save labour and timber. Blocks 
were also used for the upstream nosings of piers. They 
weighed from 90 Ib. to 1,200 lb, each, and specially hard 
faces were made by means of a plasterer’s steel float. 
The material forming the body of the blocks was in the 
ratio of 1-3-6 and the concrete was well rammed and 
made with very little water. The top } in. was of sand 
and cement, also made fairly dry, and as much pressure 
as possible was put on at each stroke of the float. If 
too much work is put on these faces, the uncombined 
material in the cement is brought to the surface 
and eventually forms a thin film, which in setting, 
exhibits itself by the presence of hair cracks. The 
moulds in this case were removed in from 12 hours to 
24 hours. 

Transport.—All transport is brought from Vereeniging 
by ox wagon at 9s. perton. This has been a considerable 
item, which will be realised when it is stated that every- 
thing except stone and sand has been delivered via 
Vereeniging to the Barrage Works. 

Plant.—The plant for construction includes :—One 
110-h.p. B. and W. boiler; one 100-h.p. Allis Chalmers 
air compressor compressing 600 cub, ft. of free air per 
minute to 75-lb. pressure. Three concrete mixers 
(2 Ransomes, 1 Standard); three stone crushers; two 
portable engines with boilers; 8-ft. metal plaining 
machine. Numerous small engines, pumps, etc., which 
are for the most part driven by compressed air. 

From experience gained on these and other works, 
it is found that compressed air is more suitable than any 
other form of power, as it can be utilised for so many 
purposes. 

Buildings.—Tiuxe permanent buildings, required after 
the completion of the barrage, were built in 1916, and 
the other buildings which are only of a temporary nature 
are built of sun-dried bricks, and will be demolished 
when the barrage is completed. 

Labour Employed.—At the present time 49 Europeans 
(of which one-third are carpenters) and 250 natives are 
engaged on the work, but the maximum number of 
natives employed at any one time was 600. 

Recreation.—The Rand Water Board have generously 
provided the camp with assistance by the provision of a 
billiard table, library, tennis court, golf course, and a 
rifle club attached to the Defence Department. 

The authors desire to acknowledge the excellent work 
of Mr. C. E. Mason, the principal electrical and mechanical 
engineering assistant, and Mr. M. Udwin, chief civil 
engineering assistant, in connection with the scheme, 
and also take this opportunity of thanking the chairman, 
the secretary and engineering and secretary's staff for 
their willing help at all times. 





INFLUENCE OF CERIUM on ALUMINIUM AND Its 
ALLoys.—Some years ago, O. Barth claimed to have 
improved the mechanical properties of aluminium by 
the addition of cerium, used in percentages up to 11. 
The further investigations of Josef Schulte, also con- 
ducted at the Technical High School, Aachén, (Metall 
und Erz), only partly confirm Barth’s observations. 
Schulte found the elongation of aluminium was raised to 
34 per cent. by the addition of 0-2 per cent. of 
cerium ; the tensile strength was not increased, and 
larger additions of cerium were almost useless. 





THE SEASON-CRACKING OF ,BRASS AND 
OTHER COPPER ALLOYS.* 


By H. Moors, O.B.E., B.Sc., F.I.C., Member ; 8, Becx- 
InsaLe, B.Sc., A.I.C.; and Crarice E, Manrtnson, 
M.B.E., B.Sc. 

(Communication from the Research Department, 

Woolwich.) 
(Concluded from page 299.) 

Tue AcTION OF MERCURY AND OF AMMONIA ON Brass 
AND THE Usz oF MERCURY FOR THE DETECTION OF 
Stress. 

Evidence indicates that mercury, and also ammonia, 
acting on stressed brass which is liable to fail by season- 
cracking, produces in a short time cracks of a nature 
very similar to, if not identical with, season cracks. 
Peculiarities in the behaviour of surface layers, when 
submitted to the action of mercury or ammonia, have also 
been indicated. 

The most convenient way of applying mercury is by 
immersion in solutions of mercury salts. Copper and 
zine replace mercury in the solution, and the mercury 
is deposited on the surface of the brass. While the 

ible effect of the removal of a certain amount of 

rass from the surface by this reaction should not be 

overlooked, it is highly probable that the cracks are 
produced by the action of the metallic mercury itself. 

The material used in this section was 70 : 30 ‘eae and 
copper of a high degree of purity. Except where other- 
wise stated, the test-pieces were of strip form cut with 
their length parallel to the direction of rolling; the 
dimensions are shown in Fig. 22. 

In all cases in which the ess was above that of 
well-annealed brass (40 to 60 Brinell number), the strip 
had been cold-rolled to the hardness stated and had not 
been subsequently annealed except in a few cases where 
annealing is specifically mentioned. 

1. Effect of Variations in the Mercury and Acid Content 


These series of tests demonstrated the advantages of 
mercurous nitrate solutions and the suitability of a 
solution containing 1 per cent. mercurous nitrate and 
1 per cent. nitric acid as a reagent for detecting internal 
stress, 

2. Effect of Variation in (a) Hardness of Brass, (b) Lapse 
of Time after Treatment with Mercury or A \a.—- 
Strip tensile test-pieces (Fig. 22) 0-05 in. or 0-1 in, thick 
were prepared from fully annealed 70 ; 30 brass and copper 
and from strip cold-rolled to the hardness of between 
62 and 186 Brinell and not subsequently heat-treated. 
The test-pieces were pickled in nitric acid, and the ends 
were coated by dipping in molten paraffin wax as before. 
A uniform rate of bodies was maintained in the tensile 
tests. 

The mercury treatment consisted in immersion for 
5 minutes in a solution containing 1 per cent. mercurous 
nitrate and 1 per cent. nitric acid () -42 specific gravity). 
During the stated period between mercury treatment 
and loading in the testing machine the test-pieces were 
kept in a small airtight space ; this is of some importance 
in connection with the possibility of volatilisation of 
mercury. The free mercury on the surface was in no case 
absorbed by the brass. 

In-the ammonia treatment the test-pieces were stored 
for the periods stated in a closed space, containing some 
air, over 0-880 ammonia solution. The ammoniacal 
atmosphere had access to all parts of the surface of the 
test-pieces except the paraffin-coated ends. The test- 
mgr quickly tarnished and were soon coated with a dark 

lue liquid and corrosion product. 

Some test-pieces differed from others —— = being 
subjected to a low-temperature anneali ore ©x- 
posure to mercury or ammonia, were tested in the same 
way. The annealing applied (at 250 deg. to 300 . ©.) 
was adjusted in each case to bring about « small but 
distinct drop in hardness; such treatment greatly 
diminishes, if it does not completely remove, any internal 





of Solutions applied to Brass.—The ce of some free 
acid accelerates the action of solutions of all mereury 
salts which have been tried and produces a better coating 
of mercury. 

Two series of tests were carried out with mercurous 
nitrate solution. Two similar series of tests were made 


Fig.22. 
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with solutions of mercuric chloride and hydrochloric 
acid. The concentrations of solutions used are expressed 
as follows throughout this paper :— 
Mercurous nitrate. Percen by weight of cr Is 
Hge (NOz)2 2 H2O. > * yo 
—— “4 chloride. Percentage by weight of crystals 
2 2 
Nitto ssid. Percentage by volume of nitric acid 
1-42 specific gravity. 
Hydrochloric acid, Percentage by volume of hydro- 
chloric acid 1-2 specific gravity. 

Two cups spun from fully annealed brass and two 
tensile test-pieces cut from fully annealed strip were 
immersed in each solution for 5 minutes. The standard 
pickling treatment had previously been applied, and the 
ends of the tensile test-pieces had been coated with 
paraffin wax to preserve them from the action of mercury, 
which was thus restricted to a length of 3 in., 500 c.c, 
of solution were used for each cup and 100 c.c. for each 
test-piece. After washing the strip, test-pieces were 
broken in 45 seconds to 60 seconds, the longer times 
being taken by the test-pieces with the greater elonga- 
tions, and 60 seconds was the time required to break 
the test-pieces of circular section. 

All the mercurous nitrate solutions and the solutions 
containing 0-97 per cent. mercuric chloride with 5 per 
cent., 10 per cent. or 20 per cent. hydrochloric acid, 
gave a bright coating of mercury. The mercuric chloride 
solutions in which the ratio of acid to mercuric chloride 
was pW rege a coating which was bright when 
first form at the moment of immersion, but soon 
became covered with a dull deposit of mercury in the grey 
form. In the stronger chloride solutions the deposit of 
mercury was almost black. Deposits of grey mercury 
obscure cracks, although a bright coating remains if the 
grey deposit is removed. 

The test-pieces were free from cracks before loading. 
Fig. 23 is a photograph of the strip test-pieces broken 
after mercurous nitrate treatment. The transverse 
cracks formed during loading were less numerous as the 
concentration of the mercury solutions increased. In 
general, the amount of mercury deposited increased with 
increase in concentration of mercury in the solution. 
When a sufficient excess of mercury had been deposited 
on the surface, the mercury penetrated through the 
test-pieces during the development of the cracks in load- 
ing, but when the deposit was smaller only the outside 
layers of the test-pieces were affected, the interior 
elongating and finally breaking with a fibrous fracture. 

In the mercurous nitrate tests on the spun cups the 
rapidity of the cracking effect increased considerably 
with increase in mercury content, while the effect of 
variation in nitric acid content was small. A solution 
containing 1 per cent. mercurous nitrate and 1 per cent. 
nitric acid produces cracks in about 30 seconds, and no 
practical advantage is gained by using stronger solutions, 
Mercuric chloride solutions are slower in their action. 


* Abstract of to read at the meeting of the Insti- 
tute of Metals on Thursday, March 10, 1921. 








stress present. 

In ther series of tests the mercurous nitrate solution 
contained 5 per cent. mercurous nitrate and 5 per cent. 
nitric acid. The results were practically identical. 

3. Effect of Variation in Rate of Loading of Test- Pieces 
previously Treated with Mercury.—Strip test-pieces of 
annealed 70:30 brass and of hard-rolled brass were 
pickled and treated with a solution containing 1 per 
cent. mercurous nitrate and 1 per cent. nitric acid as 
previously described, and were at once transferred to the 
testing machine, The rate of loading of different test- 
pieces varied from about 2 seconds to about 7 minutes 
per ton per square inch. In each test the rate of loading 
was carefully controlled and was uniform. The effect 
of rate of loading was very marked in the tests on annealed 
brass, the test-piece loaded in 45 seconds giving a maxi- 
mum stress of 10 tons per square inch and 23 per cent. 
elongation, the test-piece loaded in 25 minutes giving 
3-8 tons and 7 per cent. The results suggest that the 
effect of the mercury on an unstressed test-piece before 
loading is confined to a very thin surface layer, that free 
mercury on the surface penetrates the cracks formed 
in this skin at low stresses, and that if sufficient time is 
allowed, the mercury penetrates through the brass by 
the gradual extension of cracks into which the mercury 
flows. In the tests on hard-rolled brass (approaching 
in hardness the maximum attainable in 70:30 brass 
by cold-work) there was very little effect, and the effect 
of mercury treatment was small in all the tests. 

In view of these results it was thought that single-blow 
impact tests on notched bars might throw some light 
on the depth to which the weakening effect of meroury 
and of ammonia penetrates in unstressed brass, Test- 
pieces, 10 mm. wide by 5 mm. deep, notched to half their 
depth by a 45 deg. V-notch of 0-25 mm. root radius, 
were used. ‘Test-pieces of 70: 30 brass of Brinell hard- 
ness 60, 90, 155 and 190 and cast brass (Brinell hardness 
53) of the same composition were pickled and treated 
with 1 per cent. mercurous nitrate solut on; they were 
broken immediately and at 1 hour, 1, 7, 21 and 180 da 
after treatment. Free bright mercury remained at t 
bottom of the notch throughout storage, up to the 
maximum period of 180 days, and was present when the 
test-pieces were broken. Identical test-pieces were 
stored in a closed space over 0-880 ammonia for 
1, 7, 21 and 165 days and broken; much corrosion had 


occurred in the longer treatments over ammonia. Un- 
treated test-pieces were also broken in all cases. The 
tests were made in the 30-kg.m. Charpy machine. In 


none of these tests was the energy absorbed affected to 
any marked extent by the mercury or ammonia treat- 
ment, the remaining approximately constant 
throughout each series. The results confirm the view 
that in unstressed brass the embrittling effect of mereury 
or ammonia penetrates to a comparatively shallow 
depth even after long exposure, but the depth to which 
the weakening effect can penetrate is deci y greater 
with ammonia than with mercury. 

4. Recovery of Properties of Mercury-Treated Brase on 
Removal of Mercury.—Two test-pieces from 70; 30 
brass of each hardness used in the tensile tests were 
pickled and treated in 1 per cent. mercurous nitrate 
solution as previously described. The test-pieces were 
stored in a closed space for seven days, and were then 
placed in an air oven at 200 deg. C, for 48 hours in order 
to volatilise the mercury. After this treat tno oury 
was visible on the surfaces of the test-pieces. Chemical 
tests applied to the broken test-pieces showed that they 
were quite free from mercury. 

5. Determination of Minimum Stress Detectable by 
Mercury Treatment.—In the first instance mere 
treatment was applied to strip maintained in simple 
tension by # known load. Strip seemed the most 
appropriate form for such tests, as resembling as closely 
as possible the stretched external layers of objects liable 
to develop season cracks. The test-pieces were pickled, 
and a given load was applied in a 5-ton testing machine. 
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The surfaces of the test-piece were gently rubbed with 
eotton-wool soaked in mercurous nitrate solution, the 
application being continued for 5 minutes unless fracture 

in a shorter time. In some series a solution 
ee ee | 1 per cent. mercurous nitrate and 1 per cent. 
nitric acid was used, in others the solution contained 
5 per cent. mercurous nitrate and 5 cent, nitric 
acid, The time at which the test-piece broke was 
recorded, 

6. Mechanism of the Action of Mercury and Ammonia 
on Brass,—Many observations have. been noted above 
indicating that mercury and ammonia, like the agencies 
which produce season-cracking in stressed brass, cause 
an intercrystalline weakening, resulting in the develop- 
ment of cracks between the crystals. The experiments 
now to be described were intended to throw light on the 
mechanism of this intercrystalline- weakening. 

Experiments on very Dousialy Crystalline Brase,— 
70 : 30 brass containing crystals not less than 0-20 in. 
across (described below as very large crystals) was 
obtained by annealing hard-rolled strip for 48 hours at 
900 deg. C.. This treatment did not always give the 
desired result; among pieces of brass from the same 
strip which had been treated together some would have 
the large crystals desired, others had crystals only about 
0-05 in. across, while other pieces contained large crystal 
areas in a ground mass of smaller crystals. These 
variations were, no doubt, due to variation in 
the initial deformation of the crystals. Since 
this work was done much light has been thrown 
on the problems of crystal growth by H. C. H. 
Carpenter and Miss C, F. Elam.* 

In many of the tensile test-pieces prepared a 
single crystal extended completely across the 
test-piece. The test-pieces were etched to locate 
the crystal boundaries. In the specimens ex- 

to the action of ammonia the position of 
the boundaries was recorded by means of mea- 
surements, while in the test-pieces treated in 
mercurous nitrate a record of the position of the 
boundaries was preserved by drawing fine scribed 
lines parallel to and at a distance of 0-02 in. 
from the boundaries. 

After etching, the ends of the test-pieces were 
ne by paraffin wax. Test-pieces were 

roken: (1) Without further treatment. (2) 
After exposure in a closed space over 0-880 
ammonia solution for various periods. Before 
the load was applied the dark blue liquid was 
wiped off the test-piece.; the, solid, coating of , 
corrosion product flaked off during loading. (3) 
After treatment with 1 per cent. mercurous 
nitrate solution and storage in a closed space. 
The periods were taken as the intervals between 
treatment and loading. 

Some test-pieces had very large crystals ; 
others had crystals measuring about 0-05 in. 
across, whilst some had large crystalsin a ground 
mass of smaller crystals. In this series of tests 
the lines followed by the fractures and the 
certainty with which the crystal boundaries were 
identified in the test pieces before and after 
breaking showed definitely that the paths of the 
cracks produced by straining the test-pieces pre- 
viously acted upon by ammonia or mercury were 
intercrystalline. 

The coating of mercury obtained by the | 
mercurous nitrate treatment remained on the 
surfaces of the test-pieces so treated during 
storage, and also during loading, except in two 
test-pieces. Before loading, the mercury was 
removed from the surface of these two test-pieces 
by polishing, followed by 'ight pickling with nitric acid. 
The much higher maximum load and elongation, and 
especially the entirely different nature of the fracture 
given by these said two test-pieces, suggest very strongly 
that in the other specimens the penetration of the 
mercury along the crystal boundaries took place during 
and not before loading. 

The results given by all the mercury-treated pieces 
indicated that when mercury was present on the surface 
of coarsely crystalline brass during loading, the crystals 
were separated by tension and the fractures, consisting of 
crystal boundaries, became coated with mercury. In 
order to ascertain whether mercury had diffused into the 
interiors of the crystals, single crystals separated from 
broken tensile specimens and coated with mercury were 
examined by first remeving all external mercury by 
rubbing with fine emery paper, and then testing the 
remaining crystal chemically by a method (described in 
the appendix) capable of detecting 0-00002 gramme of 
mercury, The results proved the interiors of the crystals 
to be wholly free from mercury. 

The type of intercrystalline surface cracking given by 
ammonia-treated test-pieces is shown in Fig. 24. In all 
test-pieces giving an intercrystalline fracture after 
ammonia treatment, and in all fractures in stressed brass 
definitely known to have been induced by ammonia, the 
intercrystalline parts of the fractures bore a characteristic 
iridescent tarnish, bright golden in colour in its early 
stages. There is a marked difference between the action 
of ammonia and that of mercury in that the inter- 
crystalline weakening caused by ammonia penetrates the 
brass to an appreciable depth during periods of exposure 
to ammonia, while the action of mercury 18 very super- 
ficial until cracks form allowing penetration. 

7. Some Further Observations.—Replacement of Copper 
and Zine by Mercury.—Specimens of fully annealed 
70:30 brass (surface area about 340 . em., weight 
about 70 grms.) were pickled, washed, dried, and weighed, 





* H. C. H. Carpenter and Constance F, Elam, “ ital 
Growth and Recrystallisation in Metals,’’ Journal of the 
Institute of Metals, No. 2, 1920, vol. xxiv, page 83. 
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and were treated for five minutes in 1 per cent, mercurous 
nitrate tion, washed, dried, and weighed again. 
The specimens were then heated at 400 deg. C. for forty 
minutes in a current of hydrogen to drive off the mercury, 
cooled in hydrogen, and again weighed. No further loss 
of weight occurred after a further heating, this time at 
450 deg. C. The results are given below. 


Specimen. 1, 2 





grm. grm. 
Weight of mercury taken up ... 0-2043 0-2160 
Weight of mercury taken up per 

sq. cm. ove ohe --- 000061 0-00064 
Weight of zinc replaced --- 0-0160 0 -0160 
Weight of copper replaced... 0 -0245 0 -0245 


The proportion of zinc to copper dissolved is slightly 
higher than the proportion in the brass. The weight of 
mercury deposited is a little less than that required to 
replace the cones and zinc dissolved. Parallel experi- 
ments on hard-rolled and on annealed 70:30 brass 
indicated that the difference in the weight of mercury 
deposited in the treatment in mercurous nitrate solution, 
as described above, was very slight. On specimens 
having an area of 57 sq. cm. the average gain in weight 
was 0 -0338 grm., for fully annealed, and 0.0318 grm. for 
hard-rolled brass, duplicates giving very close agreement. 

Immersion of Brass and Copper in Mercury Baths.— 


g mercury content of solution. —-> 


# ¥ * i i ; ; * nee _ : a 





es ie , mu: 


Fie. 23. Broken Striv Tensite Test-Preces, 70: 30 Brass, TREATED, 









+a. , 
ass Seb ‘Sic Seed dade apa 


It is evident that no diffusion or penetration of mercury 
to any appreciable depth in the brass or copper occurred. 

Mier pic EB. ination of Brass t with Mercury 
and with Ammonia.—Numerous attempts were made to 
investigate the action of mercury on brass by microscopic 
examination of sections prepared in various ways, but 
owing™to the impossibility of preventing the smearing 
of mercury over surfaces by polishing no useful results 
were obtained. Whenever cracks caused by mercury 
action were examined, they were found follow an 
intercrystalline path. Many specimens of both stressed 
and unstressed brass treated with ammonia were 
examined microscopically after various forms of treat- 
ment and methods of preparing the section, In all 
cases, wherever ammonia had acted, an effect on jthe 
crystal boundaries was observed, ranging from a distinct 
widening to the opening of actual cracks, Actual 
separation of the crystals occurred in unstressed brass 
after sufficiently prolonged action by ammonia, 

8. Summary.—Treatment in solutions of mercury 
salts causes the deposition of free metallic mercury on 
brass ; the weight of mercury deposited is much greater 
than the weight of copper and zine dissolved. The 
alloying action is confined to a very thin surface layer of 
the brass. The disappearance of mercury from the 
surface, through lapse ot time, which has been attributed 
by some workers to diffusion of mercury into the brass, is 
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Strip tensile test-pieces of copper and 70: 30 brass were 
pickled and treated with 1 per cent. mercurous nitrate 
solutionin the manner described previously, the ends being 
protected by a wax coating. The mercury-coated pieces 
were then placed in a bath of clean mercury and withdrawn 
after 320 days’ immersion. The unwaxed surfaces were 
found to be coated with mercury and uniformly pitted. 
The mercury was shaken off and the layer of friable amal- 
gam scraped off. The test-pieces were rubbed with 
emery cloth and paper until no mercury could be seen on 
the surface and all the pits were removed, The test- 
pieces, after measurement, were broken, together with 
test-pieces originally identical but not treated with 
mercury. 

Pieces of the broken test-pieces were tested for the 
presence of mereury by the chemical method described in 
the Appendix, capable of detecting 0-00002 grm., and 
found to be quite free from mercury. The mercury in 
which the test-pieces had been immersed contained traces 
of copper and zinc; the scum on the surface of the 
papas f consisted of oxides of mercury and zinc with a 
trace of copper oxide, 

In these experiments the action of ‘mercury on brass 
appears to have been: (1) The formation of a thin layer 
py alloy (amalgam) of mercury, copper, and zinc on the 
surface of the brass. (2) The ual growth of this 
layer and the removal from it of zinc by solution in the 
mercury bath, the zinc being gradually oxidised at the 
surface of the bath. The copper-mercury alloy left on 
the surface of the brass probably protected and stopped 
further mercury attack at some stage. 
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SHOWING INTERCRYSTALLINE CRACKS IN SURFACE. 


apparently due, mainly if not wholly, to volatilisation 
of the mercury, and is prevented or greatly retarded by 
storing treated specimens in a small closed space. 

Treatment with mercury before loading causes the 
failure of a tensile test-piece, when loaded, by the develop- 
ment of surface cracks, reducing the maximum load and 
elongation. The experiments on coarsely crystalline 
brass showed that in this material the cracks started at 
erystal boundaries on the surface of the specimen and 
followed the crystal surfaces, which became covered with 
mercury. It was proved that the mercury was not 
present in the crystal boundaries, except at the extreme 
surface of the specimen, before the development of cracks. 
It is probable that the action of mercury is similar what- 
ever the size of crystal, and in all cases which have been 
examined cracks resulting from the action of mercury 
have been intercrystalline, 

In general, mercury appears to induce an inter- 
crystalline weakening in brass. The observed facts can 
most readily be explained in the following way. Mercury 
acts selectively on the intercrystalline material, weaken- 
ing it (probably by forming a weak alloy) to a very sma!! 
depth from the surface coated with mercury. If this 
surface layer is submitted to a tensile stress the weak 
mercury-affected intercrystalline material gives way and 
intercrystalline cracks form. Mercury penetrates these. 
and its weakening effect on the intercrystalline materia! 
thus extends to a depth depending on the amount of free 
mereury and the length of time available for penetration. 
If the rise of stress is so rapid or the amount of mercury 
so small that the penetration of mercury into the cracks 
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cannot keep pace. with the increasing stress the crystals 
stretch and are pulled out into the usual fibrous fracture, 
accompanied by large distortion of the neighbouring 
matenal. 

The effect of mercury becomes less as the hardness of 
the brass is inc: by cold-work. It would appear that 
with increasing cold-work hardness the mercury produces 
less intercrystalline weakening, although in medium 
hard-rolled brass intercrystalline fractures are still 
produced readily by the action of mercury. 

This view of the mode in which mercury weakens brass 
is in agreement with (1) the greater effect of heavier 
mercury deposits ; (2) the small effect of lapse of time 
between mercury treatment and loading ; (3) the marked 
effect of rate of loading on mercury-treated specimens ; 
in the annealed test-pieces slow loading, favouring the 
progress of the weakening action of mercury described, 
reduced the tensile strength and elongation to very 
low figures ; (4) the absence, in notched bar impact tests, 
of any important effect of mercury treatment; the 
rise of stress was much too rapid for the intercrystalline 
weakening effect of mercury to keep pace with it ; (5) the 
disappearance of the effect of mercury on unstressed 
brass when the mercury was removed ; (6) the absence of 
mercury from the interior of large mercury-coated brass 
crystals, and generally the behaviour of coarsely crystal- 
line brass under mercury treatment, 

The weakening effect of mercury, acting in this way, 
explains its action in detecting stress. A surface layer 
in tension, if weakened at the crystal boundaries, develops 





difficult to spin, and a small percentage of the cups made 
from it split at the edges in very much the same way as 
cups spun from 70 : 30 brass strip with a Brinell hardness 
of 126, 

2. The Influence of Manganese Content.—In view of a 
su tion which had been received that the presence 
of from 0-5 to 3-0 per cent. of man in 70:30 
brass might inhibit season-cracking, the following 
trials were carried out: (a) The treatment of cups 
spun from fully annealed sheet 0-035 in, thick (with a 
Brinell hardness of 52 for the 0-5 per cent. manganese 
alloy and 61 for the 3 per cent, manganese alloy) with 
(1) mercurous nitrate solution and (2) ammonia. (6) 
The treatment with mercurous nitrate solution of strips 
of hard-rolled sheet stressed by bending. (c) Storage 
under different conditions of strips of hard-rolled sheet 
stressed by bending. 


Composition of Alloys. 


U, ie 
Copper per cent. 71-5 71-2 
Manganese per cent. 0-52 2-90 


Zine per cent. ... remainder remainder 


Both alloys were made from materials of a high 
standard of purity. 

Rolling and Annealing of Alloys.—The alloys were 
observed to harden in rolling more rapidly than 70 : 30 
brass ; tests indicated that a given reduction increased 
the Brinell hardness considerably more, and cracks 
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intererystalline cracks which extend so long as sufficient 
tension exists at the end of the crack and mercury is 
available there to continue its action. 

In soft and medium hard-rolled 70 : 30 brass mercury 
will cause cracking if the tensile stress is 6 to 8 tons per 
square inch. It is probable that in thin surface layers 
lower stresses may result in cracking under the action 
of mercury. Further work on this is in progress. 

For general use mercurous nitrate is better than 
mercuric chloride for detecting stress; a solution con- 
taining 1 per cent. of mercurous nitrate and | per cent. of 
nitric acid is rapid and convenient in use, 

The action of ammonia resembles that of mercury in 
producing an intercrystalline weakening, but extends to 
greater depths when prolonged. Indeed it appears that 
ammonia not only weakens the intercrystalline material 
in unstressed brass but causes an actual separation of the 
crystals. 70:30 brass immersed for long periods in 
ammonia solution may be crumbled in the fingers, and 
the fractures produced have the appearance of tarnished 
crystal surfaces. The gradual penetrating effect of 
ammonia on unstressed brass is illustrated by the loss of 
strength with increase of time of exposure to ammonia, 
and in this respect differs markedly from the effect of 
mercury. 

The more brass is hardened by cold-work the better 
does it resist the intercrystalline weakening action of 
ammonia, but if sufficient time be allowed the hardest 
brass is affected. 

A coating of mercury weakens copper only to a very 
slight extent, 


THe INFLUENCE OF COMPOSITION OF CoPPER ALLOYS ON 
Season-CRACKING. 

1. The Influence of Zine Content.—It has been well 
established that all industrial brasses are susceptible to 
season-cracking. No case of season-cracking of copper 
has come under observation, and the results given in 
the paper suggest that pure metal is immune from this 
form of failure. The following trials were carried out to 
indicate the effect of variation in zine content. 

Ingots containing 2-5 per cent., 6 per cent., and 9 per 
= = ae were ry rere together with an ingot of 

ectrolytic copper to which a little man: had been 
added for deoxidation. The hard-rolled and soft strip 
of each lot were made from the same ingot. 

The ingots were cold-rolled into the form of strip 
0°035 in. thick, and some pure zinc sheet of the same 
thickness was obtained for comparison. A proportion of 
the strip of each composition was annealed after the 
final cold-rolling. 

_ Tests on Spun Cups,—Cups of the standard form and 
dimensions were spun from each kind of strip. The hard 
strip containing 10 per cent. of zinc was somewhat 
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appeared at the edges at a much earlier stage fhan in 
70 : 30 brass. 

Tests on Spun Cups.—Five cups of each alloy and 
five cups spun from soft 70:30 brass were immersed 
for 5 minutes in a 1 per cent. mercurous nitrate solu- 
tion containing 1 per cent. of nitric acid, after the 
standardized pickling treatment. The time in which 
cracks first appeared was noted and all appeared to 
crack équally readily, while as regards number and extent 
of cracks there was nothing to choose between the three 
alloys. Two cups of each alloy were pickled in nitric 
acid and after washing and drying were placed in an 
enclosed space (containing some air) over 0-880 ammonia 
solution. They were found to be badly cracked after 
two days’ storage. Cups spun from 70: 30 brass behaved 
in an identical way. 

A hard-rolled strip showed the same type of fracture 
in all cases, the cracks in the early stages running across 
the outside layers of the strip and at right es to the 
edges, while as the cracks developed they ten to run 
parallel to the rolled surfaces of the strip, produci 
layers similar to those shown in Fig. 25, All teabered 
surfaces were coated with mercury, 

Storage Triais.—Strips 1-2 in. wide of 70: 30 brass, 
the 0-5 per cent. manganese and the 2-9 per cent. 
manganese alloy, stressed by bending round wooden 
blocks and polished as described, were stored in a well- 
ventilated room and in the open air, but protected 
from rain. The trials commenced in July, 1919, The 
rings were examined at intervals of one month; the 
rings in the room were only slightly tarnished, and were 
not cracked after nine months’ storage. The rings 
stored in the open air did not tarnish nearly so badly 
during the summer as during the winter months, when 
corrosion was quite marked, Surface cracks were 
observed at the end of six months in the strip 0-1 in. 
thick containing 2-9 per cent. of manganese on rings 
4 and 12 in. in diameter, and at the end of nine months 
the rings had completely fractured, the fractures running 
generally parallel to the rolled surfaces of the strip as 





shown in Fig. 25. There were no signs of cracking in 
the 70 : 30 brass and 0-5 per cent. manganese alloy stored 
under the same conditions, and none of the rings stored 
indoors had cracked. Lal 

3. Phosphor Bronze.—The cracking in ammonia of 
cups from phosphor bronze has been described above. 
Similar cups cracked after coating with mercury by 
immersion in mercurous nitrate or mercuric chloride 
solutions. Mercurous nitrate produced the better coat- 
ing. In no set of conditions did the phosphor bronze 
cups crack so readily as the brass cups, although inter- 
nally stressed to a similar extent. 

4. Summary.—Stresses zinc-copper alloys do not 
crack under the action of mercury or ammonia if the 
zine content is below about 6 per cent., and the higher 
the zinc content the more readily does cracking occur, 
{t is probable that the action of mercury and ammonia 
is @ reliable index of the liability to the development 
of season-cracks, and that therefore season crackin 
is not to be expected in copper or in its alloys with smal 
percentages of zinc. The results of extensive trials with 
70:30 brass containing small amounts of manganese 
indicate that these alloys when stressed crack quite 
as readily or more readily than pure 70 : 30 brass when 
submitted to the action of mercury or ammonia, and 
cracks have resulted after atmospheric corrosion ; no 
indication that the presence of manganese reduces the 
liability to the formation of season cracks has been 
obtained, 

Stressed phosphor-bronze is cracked by mercury or 
ammonia, t aren much less readily than brass, and may 
possibly be subject to season-cracking if the conditions 
are sufficiently severe, but no example of season cracking 
of phosphor bronze in service has come under notice. 

Some FurTHER EXPERIMENTS AND NOTES, 

1. The Relation of Season-cracks to Surface Defeets,—— 
During the examinations of numerous specimens which 
had developed season cracks or had been cracked by 
mercury or ammonia treatment, special attention was 
paid to the occurrence of surface marks and defects, to 
ascertain whether these were related in any way to the 
cracks. It was very rarely that surface defects such as laps, 
score marks, and spinning or tool marks were connected 
with the cracks in any way, though such surface defects 
were abundant and cracks were hardly ever connected 
with inclusions, 

Where seams occurred in specimens cracked by mercury 
or ammonia there was a tendency for the mercury and 
ammonia to pass along these when they were clean, 
but if oxidized the mercury did not pass along them, 
and ammonia appeared to have little effect except that 
in some cases open seams of this kind aided penetration 
of ammonia into the interior of the brass. 

In a number of cases cracks were observed to begin 
at stamp marks, especially if these were deep; this 
effect was probably due to the presence of fairly high 
tensile stresses at the edges of the stamp marks. 

2. Protective Coatings.—The failure of some protec- 
tive coatings to prevent the chemical action, on the sur- 
face of stressed brass, which induces cracks, has already 
been noted. A number of inst of -eracking 
occurring without visible corrosion have been observed 
in articles having a continuous coating of lacquer. 

The coating with paraffin wax of the ends of test- 
pieces before e ure to ammonia afforded a good 
pe smear 44 for the study of the diffusion of ammonia 
through the wax. It was noticed that a large number of 
test-pieces were discoloured under the wax after treat- 
ment, but that in specimens on which another test- 
piece had rested during e ure to ammonia there 
was a well-defined untarnis area under the wax 
corresponding exactly to the area in contact with the 
upper test-piece, as illustrated in Fig. 26. The tarnish 
under the wax was slight compared with the corrosion 
on the unwaxed parts, 

These observations indicate that the coating of wax 
retarded the attack of ammonia, but that some ammonia 
diffused through the wax coating. The sharp outline 
of the untarnished areas showed that there was little 
lateral diffusion of ammonia under the wax. 

Cups of the standard form and dimensions spun from 
fully annealed 70 : 30 brass and coated with a continuous 
thick layer of paraffin wax were placed over 0-880 
ammonia. They became very slightly tarnished and 
had lost their ‘‘ ring”’ at the end of 40 hours, and cracked 
after 60 hours, Spun cups which had been coated with 
a thick layer of copal varnish and stoved at 150 deg. C. 
for six hours were placed in a closed space over 0-880 
ammonia. The cups became slightly tarnished under the 
iacquer coating at the end of one hour; at the end of 
two hours the cups had lost their “ ring,’’ and lar, 
cracks had developed in eight hours. Even when the 
cups had lost their “‘ ring,’’ a sign of incipient cracking, 
there was no marked corrosion. 

3. Fire-cracking.—Various methods of unequal heat- 
ing, such as dipping part of a cup in a salt bath at high 
temperatures and placing cups in a hot furnace, were 
tried in order to ascertain whether spun cups (70 : 30 
brass) could be cracked by heating. he only way in 
which cracks were produced was by impinging a blow- 
pipe flame at one point on the cup, Fig. 18, page 298 
ante, shows the intercrystalline character of cracks pro- 
duced in this way. 

4. The Removal of S‘ress by Reeling.—The material 
used in these experiments was 70 : 30 brass rod : 





Average 
Diameter. 
In. 
8, hard drawn wa: des «« ©°5730 
R, the same rod but reeled after 
drawing ocd ot} .» 0-°5730 
T, 8 rod hard drawn to a smaller 
diameter 0 -4469 


The structures in the material 8 and R were verysimilar 
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consisting of much-twinned a crystals, while in the material 
T the Sire were smaller. Sections from each bar 
were pickled and immersed for five minutes in 1 per cent. 
acid mercurous nitrate solution. Sections from 
cracked before removal] from the solution; the cracks 
were circumferential and were co’ by longitu- 
dinal cracks : they extended on keeping. Sections from 
R had not crac’ in 96 days after the mercurous nitrate 
treatment, Sections from T developed longitudinal 
cracks in the solution which extended afterwards until 
they gaped badly. No circumferential cracks developed, 
even after long storage. The results afford confirmation 
of the removal of internal stress by reeling. 

5. The Effect of Temperature on Season-Cracking.— 
In view of the suggestions which have been made that 
raised or alternating temperatures may favour the 
development of season-cracking, the following trails 
were carried out, 

(a) Raised Temperature.—Spun cups were plaged in an 
air oven maintained at 100 deg. C. 

Six cups spun from fully annealed brass and pickled. 

Four cups spun from fully annealed brass and very 
lightly polis: with 000 polishing paper. 

Two cups spun from hard brass and pickled. 

Two cups spun from hard brass and polished as de- 
scribed above, 

At the end of 365 days the cups were slightly tarnished, 
but none had cracked. To confirm that the cups were 
still in a state of internal stress, one pickled and on 
polished cup spun from fully annealed brass and one 
polished cup spun from hard brass were pickled and 
immersed in 1 per cent. mercurous nitrate solution for 
five minutes. The time required to develop cracks 
was slightly longer than for similar cups which had not 

m heated, but the cracks were very similar in form 
and number. 

(b) Alternating Temperatures.—Cups spun from fully 
annealed brass and others spun from brass were 
subjected to alternating periods of 24 hours at 100 deg. C. 
and 24 hours at atmospheric temperatures, the cups 
being allowed to cool rapidly. At the end of 365 days 
none of the cups had cracked. The results show that 
365 days at 100 deg. C. does not appreciably reduce the 
internal stress, while neither this treatment nor the 
treatment of cups at alternating temperatures of 100 
deg. C. and atmospheric temperatures produces cracks 
in the cups. 


SuMMARY AND CONCLUSIONS. 


The bearing of some of the results obtained has been 
discussed in the preceding summaries, which conclude the 
sections of this paper. The more important conclu- 
sions, some of which confirm the work of others who have 
studied this subject, may be briefly stated as follows : 
(1) Season-cracking occurs in a great variety of indus- 
trial brasses, differing widely in composition, degree of 

urity, micro-structure, and physical properties. (2) 
m-cracking occurs only in material which is main- 
tained in a state of stress, either by external constraint 
or more commonly by internal stress. (3) Corrosion 
of the surface and sometimes of the walls of the 
is frequently associated with season-cracking but cor- 
rosion effects are not always visible. (4) Season- 
cracking may occur in brass coated with continuous 
protective layers, such as lacquer. (5) Nickel-plating is 
probably completely effective in preventing season- 
cracking, if a sufficient and continuous coat of nickel is 
secured. (6) Highly stressed articles, capable of 
developing season-cracks in certain conditions, may be 
kept for years in reasonably pure atmospheres without 
showing any sign of cracking, and there appears to be no 
reason to anticipate the development of cracks so long 
as the condition of the surrounding atmosphere does not 
change. (7) Some agency additional to the presence 
of initial stress appears to be see 2 for the develop- 
ment of season-cracks. (8) Surface defects which might 
localise stress, and working or other imposed stresses 
additional to the initial stress, do not appear to contri- 
bute to the development of season-cracks in brass to any 
important extent. (9) Corrosion does not necessarily 
favour the development of season-cracks in stressed 
brass. Very severe corrosion and pitting caused by the 
prolonged action of various acids and other corrosive 
agencies had no cracking effect on stressed brass liable 
to develop season-cracks in other circumstances. (10) 
Mercury, ammonia, and ammonium salts readily produce 
cracks in brass which is sufficiently stressed in tension. 
(11) Season-cracks almost invariably follow an inter- 
erystalline path. They occasionally cut through a 
crystal when the path round it is much longer, but 
resume their intercrystalline path on the other side. 
The inte talline nature of the cracks is a most 
and characteristic feature of season-cracks. 
(12) The cracks produced in stressed brass by mercury 
or by ammonia are of the same intercrystalline type as 
season-cracks, (13) The investigation of certain examples 
of rapid season-cracking indicated ammonium salts act- 
ing on stressed brass as the cause of the cracking. (14) 
Ammonia has been detected in a water extract of “yo 
corroded fractures caused by season-cracking in brass 
corroded by atmospheric action only. Reason was 
found to suspect the presence of small amounts of 
ammonia in the atmosphere in which the specimens 
were stored. (15) It is probable that traces of ammonia 
in the atmosphere are an important agency, and possibly 
the main agency, inducing season-cracking of stressed 
brass. (16) Ammonia appears to have a specific and 
selective action upon the in talline material of 
brass, weakening it sufficiently to cause cracking if in 
tension. Mercury has a similar intercrystalline weaken- 


mercury, although it is ibable that weakening may 
occur whatever the ess of the brass. (19) It is 
probable that the behaviour of a copper alloy sub- 
mitted to the combined effect of tension and of ammonia 
or mercury is a reliable index of its liability to fail by 
season-cracking. (20) Liability to the development of 
season-cracks appears to diminish as the zinc content 
of brass is reduced. It is considered that copper and 
zine-copper alloys containing less than about 10 per cent. 
of zinc are unlikely to fail by the development of season- 
cracks in service. (21) The addition of manganese to brass 
does not appear to reduce its liability to fail by season- 
cracking. (22) Protracted heating of highly stressed 
70 : 30 brass at 100 deg. C. does not develop cracks and 
does not reduce the stress appreciably. 

The important practical question of the prevention 
of season cracking by the removal of initial stresses has 
been previously dealt with by the authors.* While 
reeling and similar mechanical methods may be effective 
in some cases, their application is limited and it might 
be difficult to ensure their efficacy in practice. A suit- 
ably controlled low-temperature annealing which will 
remove stress sufficiently to ensure freed m - 
cracking with little or no effect on the hardness appears 
to be the most effective safeguard against failure by 
as and might well be applied to all brass 
articles made by cold-work operations capable of induc- 





a * | gen ra internal stress. 

wide divergencies in composition, structure, and 
physical condition of brass articles which have failed b 
season-cracking, together with the ease with whieh 
stressed brasses of very different compositions or of the 
same composition but differing in structure may be made 
to develop “season-cracks’” by ammonia treatment, 
suggest that within the limits of, say, 25 per cent. to 45 
per cent. zinc little improvement in resistance to season- 
cracking is likely to be obtained by changes in composi- 
tion or treatment if the state of initial stress is not 
affected. The apparent advan of harder-worked 
brass in resisting season-cracking is largely discounted by 
the higher stresses which are likely to exist in harder 
brass if steps are not taken to remove them, It is 
obvious that stresses present in brass cannot exceed the 
yield point (regard being paid to the raising of the yield 
point which may have m brought about by local or 
general overstrain), and for this reason it is probable 
that in practice soft brass is unlikely to fail by season- 
cracking since the stresses which can exist in it are low. 
Season-cracking has, however, been frequently observed 
in brass only slightly hardened by cold-work, but no 
example has yet come to notice in fully annealed brass. 

It is probable that in much material which has failed 
by season-cracking the initia] stresses (internal or other) 
were very high. It may not always be realized what 
high stresses may be caused by external constraint since 
the elastic deformation corresponding to a high stress is 
so small. 

Cold-work operations do not necessarily leave high 
interna] stresses in the worked article. Many objects in 
which the hardness has been greatly increased by cold- 
work are not internally stressed. 
some extent be controlled to avoid the development of 
internal stress even when the maximum hardness is 
necessary but as a rule it is simpler and safer to remove 
internal stress by a final low-temperature annealing 
than to avoid its development in the cold-working opera- 
tions. Spinning appears to produce some degree of 
internal stress always. 

The distribution of hardness has no ry infl 
on internal stress, and cold-work operations which develop 
a high degree of hardness in one part of an object and 
leave other parts soft do not necessarily result in severe 
— stresses although they may sometimes induce 

em. 

Ammonia corrodes brass rapidly, and the corrosion 
so commonly accompanying season-cracking is consistent 
with the suggested action of ammonia in causing season- 
cracking. arked intercrystalline weakening may, 
however, be induced by ammonia when no general corro- 
sion can be detected, and the authors’ view is that the 
general corrosion so often accompanying season-cracking 
should be regarded not as a cause of cracking but as 
another effect of the agency which has induced the 
cracking of the stressed brass. The selective corrosion 
of 8-crystals in a 8-brasses by ammonia, and also at the 
borders of season-cracks, is a marked and interesting 
feature. 

Brass articles in which the presence of very high 
internal stress was revealed by mercury treatment fifteen 
years after manufacture had not developed season- 
cracks, The explanation would appear to lie in the 
absence of a sufficient amount of the “ accelerating 
agent,’” ammonia, in the atmosphere of storage. 

Since brass which develops season-cracks is often very 
ductile, the suggestion, frequently advanced, that local 
defects in the surface may cause stressed brass to develop 
season-cracks is not thought to afford a probable explana- 
tion. Local concentration of stress at a groove or other 
fault in the surface’should be relieved by local stretching. 

Trials in which highly stressed brass was heated at 
100 deg. C. for a year failed to yield any indication that a 
raised temperature favours the development of season- 
cracks. Alternation between 100 deg. C. and room 
rept continued for a year was similarly without 
effect. 

Tt is considered that this study of season-cracking and 
of the action of mercury and ammonia on frrare iy Recut 
affords strong ree to the hypothesis of an inter- 
crystalline material differing essentially in its properties 
from the crystals themselves. In the case of, for example, 











ing action. (17) Season-cracks and the similar | 
ca by mercury or ammonie always begin in surface 
layers which are in tension. (18) The greater the 


degree 
by cold-work the less is the brass affected 
by the intercrystalline weakening action of ammonia or 
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@ pure a-brass, the intercrystalline material appears to 
be attacked by ammonia or by mercury much more 
rapidly than the crystals. The mercury probably 
allo with the intercrystalline material, forming « 
me ically weak alloy, while ammonia forms a 
chemical compound possibly of the nature of a cupramine. 
The apparent presence, on spun cups and on other cold- 
worked articles, of a layer which retards the inter- 
crystalline weakening action of both mercury and 
ammonia, is an interesting confirmation of the view that 
the intercrystalline materia] is similar in its properties to 
the amorphous film produced by surface flow. The 
operation of spinning would be expected to produce a 
pe! definite surface film of Beilby’s amorphous phase, 
and possibly, in addition, a thin lower layer of very 
severely deformed materia] containing a high proportion 
of amorphous phase. the amorphous material 
is more capable of combining with or absorbing ammonia 
or mercury than the crystalline material, it might be 
expected to exercise some protective action, since the 
mercury or ammonia would be unable to act on the 
boundaries of the crystals below until the surface layer 
had become “saturated.”” The more rapid apparent 
disappearance of a thin mercury coating from the 
outer surface of a spun cup, in comparison with a 
similer cup from which the flowed surface layer had 
been removed by pickling before mercury treatment, 
would confirm this suggestion. The “disappearance ” 
of the me coating was probably due in part to 
absorption of free mercury by the amorphous material 
in the surface layer. This applies to very thin coatings 
only; thicker deposits do not disappear except by 
volatilisation, an o—~ Ps - oe no diffusion of 
mercury to an appreciable depth in brass. 

The greater resistance of hard-worked brass to the 
intercrystalline weakening action of mercury or ammonia 
may be explained by the much larger proportion of 
amorphous phase, much of which is assumed to exist 
within the deformed crystals. The capacity of hard- 
worked materia] for absorbing mercury or combining 
with ammonia should be much greater if the view be 
adopted that the amorphous material plays the chief 
part in such reactions. Since the amorphous phase is 
much more uniformly distributed in cold-worked brass, 
the selective weakening action is less concentrated at 
the intercrystalline surfaces. The more severe the cold- 
work the less should be the selective action at the crystal 
boundaries, and this is borne out by the diminished 
intercrystalline weakening as the hardness increases. 

It does not appear to be necessary to ascribe peculiar 
mechnical properties to the intercrystalline substance 
in order to explain the phenomena of season-cracking 
and the authors are unable to find in the results of their 
work any evidence indicating that season-cracking is the 
result of viscous flow of the intercrystalline cement. The 
undoubtedly intercrystalline character of season-cracks 
in brass appears to fully explained by the selective 
weakening action of a chemical substance on vhe inter- 
crystalline material. In this particular the authors’ 
view of season-cracking in brass differs from that of 
hain and Archbutt, although there is agreement in 
so far as their explanation is also based on the assumption 
of an intercrystalline material probably identical] in its 
—— with Beilby’s amorphous phase found in 

ace films. 








APPENDIX. 
Notes on Methods and Tests. 


For certain details of frequently applied testin 
methods an exactly defined procedure was adopted an 
adhered to throughout the work reported in this paper. 

Pickling.—The brass specimen was immersed for 
30 seconds in a mixture of 40 volumes of nitric acid 
1-42 sp. gr. and 60 volumes of water, at room tempera- 
tures, and was thoroughly washed in running water 
immediately on removal from the pickling bath. If 
immersion in a solution (such as mercurous nitrate 
solution) was the next operation, the specimen, wet after 
washing, was transferred directly to that solution. For 
other tests (e.g., a mechanical test, storage over ammonia 
solution, a keeping trial) the | rare specimen, after 
washing in water, was rinsed with acetone and allowed to 
dry in the air. The nitric acid used is sometimes referred 
to as 50 per cent. nitric acid, this being its approximate 


strength by weight. Pickling, throughout this paper, 
——e above procedure, unless it is otherwise 
sta F 


Mercurous Nitrate Solution.—The most frequently 
used solution contained 1 grm. Hgo(NOz)z. 2H20 crystals 
and 1 ¢.c. nitric acid 1-42 sp. gr. in 100 c.c. solution, and 
was made up with distilled water. Wherever the expres- 
sion 1 per cent. mercurous nitrate solution occurs in this 
paper this is the solution indicated. 500 c.c. was the 
usual allowance for the treatment of a spun cup. 

Nessler Solution.—180 grms. of potassium iodide were 
dissolved in 250 c.c. of water, and the solution was 
poured upon 70 grms. of mercuric chloride contained in a 
glazed mortar. The mixture was triturated until all 
solid matter was dissolved and made up to 2,500 c.c. 
by the addition of ammonia-free distilled water, 454 grms. 
of potassium hydroxide were added, and when this was 
dissolved the solution was cooled and a saturated solution 
of mercuric chloride was added until a slight permanent 
precipitate was obtained. The solution was then made 
up to 3 litres and cleared by standing. The clear solution 
was decanted and kept in a bottle with a closely fitting 
ground stopper. 

The Detection of Traces of Mercw: 


in Brass and Copper. 
—The copper or brass was dissol 


a in _—_ acid, evapo- 
rated to a syrup taken up in water, and sufficient nitric 
acid was added. to dissolve any oxynitrate formed. The 
solution thus obtained was drawn over freshly precipi- 
tated copper contained in a glass bulb of about 10 c.c. 
capacity, the copper being retained in the bulb by a plug 
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Tensile Tests,—In every case elongation was measured 
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was retained in the bulb) was then washed with a 5 per RECORD. Liquid Fuel. (3 Figs} May i8, 1920 —The internal- 
Tei tor several hours at 100 dog. C. Tho bulb'con-|  SBLBOTED ABSTRACTS OF REOENT PUBLISHED | hnving strana ports in the engine cyindct, and sn auto 
— _— eotes t rh late ta oetheoe/anine matic fuel and vice com rising outer and 

ining the copper was con P SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919, | [natic Tucl dletrinti tated In the teanoter port. with the onter 
containin; tassium iodide crystals, and after gentle po 
heating m4 100 deg. C. in a current of air to remove the ye a ae ~ hogan given oes cea Paes Gan oe the uncovering of the tranatd port by the piston Sen the asain a 
final traces of moisture, the bulb was heated to 400 deg. C. Gecvatel —s, thus created draws air an into the space between the 
to drive off all mercury. When mercury is present the | where inventions are communicated from abroad, the Names, dc.,| outer and inner ni . The novel feature consists in contract- 
potassium iodide crystals become yellow, As has been of the communicators are given in italics. 
stated previously, clear indications have been obtained may be obtained at the Potent Office, Sales Fig. 1 
of the presence of 0-00002 gramme of mercury. , 25, ar Bujldings, Chancery-iane, W.C., at @. 

Spun Cup.—Unless it is otherwise indicated, the the uniform of is. 

. “ . ” . : The date o advertisement the of a Complete 4 

expression “ 70:30 brass spun cup” occurring in the # &, is, in each case, after the abstract, unless the 4 
paper signifies a specimen conforming exactly to the Potent has boon scaled, when fhe word Setled” te appended ad 
description given in the authors’ earlier paper, and is a Any poreon may, at any time within two months from the date of ey _f 
small flan, cup spun from fully annealed 70 : 30 brass oianene® ff. lance of a Complete 8; AL Aw} 
sheet 0-035in. thick and not submitted to any heat notice at the } > grant of a | 
treatment during or after spinning. on any of the grounds - 4 


on @ ga’ length = 4 ,/a, where a = area of cross- 
section of the test-piece, in accordance with certain 
standards adopted by the British Engineering Standards 
Association. 

Brinell Hardness Tests.—All tests were made with a 
ball of 1 mm. diameter and 4 load of 10 kg., or if with a 
larger ball, the load was increased in proportion to the 
square of the diameter (e.g., 2 mm. diameter ball, 40 kg. 
load), giving strictly comparable Brinell hardness 
numbers, 





CATALOGUES. 

Cast Iron Pipes.—The Stanton Ironworks Company, 
Limited, Nottingham, continue to issue their useful 
monthly lists of cast iron pipes in stock ready for imme- 
diate dispatch. 


Roller Bearings.—The application of their flexible 
roller bearing to many different types of elevator and 
conveyor plant is described in a new special catalogue 
issued by Messrs. Hyatt, Limited, 4, Thurloe-place, 
London, 8.W.7. 


Gauges and Die Heads.—Three leaflets describing 
inside and outside screw gauges, adjustable snap gauges 
and self-opening die heads come from Messrs. Alfred 
Herbert, Limited, Coventry. Full'particulars of working 
dimensions and prices are given for a large range of 
sizes in all cases. 


Woodworking Machines.—A catalogue of circular saw 
benches and machines for fret sawing, boring and slot- 
mortising, gulleting, tenoning, and chain mortising has 
come to hand from Messrs. Watts Brothers (Sheffield), 
Limited, Keeton’s-hill, Sheffield. Some of these machines 
are for hand drive and particulars of several tools and 
tool-dressing appliances are included in the catalogue, 


Electrical Machinery.—A catalogue of motors, dynamos, 
motor generators and direct-coupled steam and oil 
engine sets, made by Messrs. McClure and Whitfield, 
Stockport, comes from their agents, the City Electrical 
Company, Limited, 1, Emerald-street, Holborn, London, 
W.C.1. Some excellent illustrations and a price list 
with full particulars of machines up to 90 b.h.p. are 
ineluded in the catalogue. 


Marine Geared Turbines.—The impulse type of steam 
turbine driving through double uction gear is the 
subject of a special catalogue issued by the Metropolitan 
Vickers Electrical Company, Limited, of Manchester. 
The contents includes particulars of the general con- 
struction of the turbines, gearing, condenser and auxiliary 
plant, notes on superheat and vacuum and illustrations 
of several sets supplied by the firm. The déscriptions 
are very clear and well illustrated, 


Reduction Gears.—A very large range of reduction 
gear sets, enclosed in grease-proof boxes, with driving 
and driven connections are described in a catalogue to 
hand from Messrs, Joseph Baker, Sons and Perkins, 
Limited, Kingsway House, Kingsway, London, W.C.2. 
The standard sizes comprise gear ratios from 4 to 1 to 
12 to 1, and fourteen other sizes made have ratios ranging 
from 15 to 1 to 285 to I. In each case a considerable 
variety of capacities is provided, powers as low as 2-h.p. 
and as high as 65-h.p. being specified. 


Pumps.—The catalogue of pumps issued by Sir W. H. 
Bailey and Co., Limited, Salford, is of a very compre- 
hensive character, including particulars of drain pumps 
for high pressures and high lifts, rotary and sémi-rota 
pumps, special pumps and fittings, power pumps wit! 
all forms of drives, hand pumps, and pumps operated b 
animal power ; air pumps and blowers are also included. 
Che object of the firm is to provide the most suitable 
forms for all ordinary requirements, such as water supply, 
well pumping, drainage, fire extinguishing, sewa 
pumping and the pumping of oils, tar and other liquids. 
Each type is illustrated, and di ions, capacities and 
prices are stated. 


Furnace Charging Machtne.—A machine for inserting 
parts into furnaces for heat treatment and also for 
withdrawing them is shown in a catalogue received from 
Messrs. Gibbons Brothers, Dudley. The parts are 
arranged on a plate, which is carried on a truck, operated 
by hand or by an electric motor. . The truck may be 
moved from one furnace to another of a series and the 
plate is pushed into or hauled from the furnace, which is 
fitted with special rails and guides, Both movements 
are effected through gearing. Various sizes are made, 
the largest being suitable for furnaces 25 ft. long and 6 ft. 
wide, and the makers state that the machines will 


work satisfactorily with furnace ures 
1,100, deg. C. if alga esti 








162,602. W. T. Henley'’s Telegraph Works Company, 
. » and W. S. Wakefield, Northfleet. 
November 29, 1920.— 

rriers and other electric 
ounted so as to permit a certain freedom of move- 
y may be self-adjusting or self-aligning 
in relation to the contact block. The 6 contact a, b is 
formed, as usual, from a strip of metal bent to substantially 





U-shape and is held in position with its web c in a recess ¢ in the 
poseeen, Seeene body d of the fitting, by a screw f passing 
hrough the body d and freely through the web ¢. The screw f 
engages a nut m in the form of a strip of metal, lying between 
the jaws of the contact and transversely of, and pi 4 
beyond, the web. The ends of the strip nut m are contained in 
recesses n in the body d. The construction permits slight free- 
dom of* movement of the contact, but prevents it from moving 
to such an extent as to foul the contact block over which it is 
to be sprung. (Sealed.) 


162,814. R.S. Woods, Longsight, Manchester. Junction 
Boxes. (4 Figs.) February 7, 1920.—Electric cables are secured 
to junction and distribution boxes by means of a short tube of 
soft. metal or alloy connected to the box, and through which the 
cable is passed, the projecting end of the tube being aay See 
firmly on to the cable. A tube c of lead or other soft alloy, having 





(162814) 





a flange g, is screwed into a hole in the box or in a pocteciing 
boss A. After leading in the cable } a suitable tool is used to 
press the outer end of the tube into an oval shape upon the cable 
and the ey eas rtions 4, Fig. 3, are then further 
ressed together close up to the cable to lock the latter in place. 
internal cross-section of the tube may approximate to the 
shape of the cable to be secured. ( .) 


be ve The Hackbridge Cable Com y, Limited, 
Hackbridge, and W. C. Kennett, Hackbridge. Electric 
Transformers. (2 Figs.) February 16, 1920.—An electric 


transformer enclosed in a tank A, is cooled by passing water 





























y remain in action. 
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162,758.  Sheffield-Simplex Motor Works, Limited, 
Shackleton 


Tinsley, Sheffield, and W. » Tireley, Sheffield. 
Construct 


- .) January 30, 1920.—In 
internal-combustion engines in which valves of the poppet ¢ 
are employed, and in which a a conduit has ‘oppentte 
ends di at substantially oppost sides of the circumference 
A, with one end in communication with the inlet 
other end connected with the induction pipe 
of the engine, the fuel-supply conduit C comprises, 
this invention, two Ceansiios which encircle lower end of the 
eylinder A, and whose walls are in contact with the walls of the 
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cylinder. 
wi 


all 

side of the cylinder, 
machined at E for 
The branches of the conduit C unite in a common passage C2 
extending up between the valve-stem bosses of the inlet and 
exhaust valves. The passage C2 is curved at ite upper end so 
as to provide a passage which is ey xe co-axial 

the valve spindle. The conduit C is cast —— 

at its bottom, and is subsequently closed by a ring H, sea’ 
machined faces in the walls of the opening. (Sealed.) 


162,564. .W. Simons, N 
Evans, Stoke-on-Trent. 
Valves. (7 Figs.) June 
reversing valves for ‘ng P the type 
pyeee Bev . seals, the novel feature consists in the use of 
a mechanically-operated float 2 acting as a water surface pro- 
tecting device. device 2 is arranged in the, shallow water 


ewcastle-under-Lyme, and I. B. 
and 
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hollow. formation constructed ‘of thin “metal with the upper 


surface slightly curved and open at its base 3, but with the ends 
closed. Secured to the device 2 are plates 4 extending into the 
deep channel f and connected to links 6, each of the latter bein 
connected to a lever 8 which is pivoted at 9 on a brack 
fixed on the deep-water channel f. When the valve j is open 
for the of gas, the device 2 is retained in its normal 
position by balance weights w, the top of the device 2 being 
then a little higher than the water or on a level with the upper 
surface of the division wall a.,4 The device prevents the gas 
playing on the water in the shallow channel h, and also prevents 
any solid particles in the gas depositing or falling into the water 
in the shallow channei h. hen the valve j is closed, the projecting 
vortion j2 of the valve jongages the device 2 and presses it down 
n the shallow channel A. (Sealed.) 


MACHINE AND OTHERJTOOLS, SHAFTING, &c. 


162,741. G. W. Willis, Patricroft. Manchester, and 
C.H. Berry, Moss Side, Manchester. Clutch Mechanism. 
(2 Figs.) January 24, 1920.—In clutch mechanism of the kind 
wherein coned male and female members are frictionally engaged 
and disengaged by the movements of blocks or segments comprised 
in the male member, the coned surface 4 of the female member 1 
increases in diameter from the entrance inwardly, and the coned 
surface constituted by the segments 8 of the male member is 
correspondingly arranged, so that the forward or inner end of the 


ay 
(Cy 
Ws 


atter, when it is within the female member, is of larger diameter 
than the rear or outer end. The female member is mounted 
to revolve on the shaft 5, and is driven by or drives a pulley 6. 
The male member comprises two approximately semi-circular 
segments 8 and a disc or plate 9, which is disposed between the 
segments and the face 2 of the female member. The segments 8 
and the dise 9 are mounted so as to be capable of sliding 
movement on the shaft 5, and are secured by keys against 
rotation. (Accepted May 19, 1921.) 


I. VY 


MINING, METALLURGY AND METAL-WORKING. 


162,802. H. 8S. Williams, London. Furnaces. (1 Fig.) 
February 5, 1920.—The furnace has a chamber 2 to receive a 
crucible 3, a flue for the exit of gases and a baffie,10 arranged in 
a tank 6 containing liquid inter di in the path of the gases, 
whereby the temperature attainable in the heating zone is 
appreciably raised, The burner 5, through which the combus- 
tible mixture of air and gas is introduced to the chamber 2, is 
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perk wg tangentially to cause the flame to pass around the 
crucible 8 with a whirling or vortex motion. In the roof of 
the tank 6, a tube 11 is arranged, serving the dual purpose of 
allowing liquid to be introduced into the tank, and also allow- 
ing escape of the exit gases to atmosphere or otherwise. Mounted 
within the tube 11, so as to be capable of vertical motion, is 
a spindle 12 having a ball or float 13 at its lowerend. (Sealed.) 


MISCELLANEOUS. 


162,180. Kelvin, Bottomley and Baird, Limited, 
Glasgow, and M. B. Field, Glasgow. Liquid Level Indi- 
cators. (2 s.) April 24, 1920.—In apparatus for indicating 
the depth of liquid in a tank of the type in which the measure- 
ment is effected by determination of the air pressure necessary 
to force the liquid out of an immersed balance chamber, and in 
which a sepoet trap or liquid seal is employed to trap 
vapour which may be generated in the tank and which might 
otherwise find its way through the system of tubing to the gauge 


and source of compressed air, such liquid seal being arranged to 
present after the pamping operation a constant back pressure 
capable of being allo for, the vapour trap is formed, according 
to this invention, as a liquid container partitioned by walls 3, 5 
into compartments 1, 2, the compartment 1 being piped to the 
gauge and to the source of supply of com air, and the 
compartment 2 being piped to balance c ber. The com- 
partments are in communication with one another by way of 
an orifice 6, ay upper boundary of which presents a sharp 





161,993. J. Miller, Derby, and George Filet and 
Co., Limited, Derby. Filters. (1 Fig.) May 5, 1919.— 
The liquorto be filtered pagses freely through the filtering medium 
which may have slight pressure applied to it, and the filtering 
chamber 4 is mounted about trunnions 2, 3, through 
which it can be fed and exhausted. The novel feature consists 
tT the chamber 4 4 one end we be ne 4 | a rapidly- 
rs) cover 6, separately mounted from it, an ‘OV. 

at the opposite end a stop Cont 14 to allow the draining dogo] 
mud or sediment whilst the filter is in use. A stop may be 
provided to maintain the filter chamber in its normal position 
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of operation. The spindle 8 passes freely through the cover 6; 
king pressure of the latter against the top of the chamber 4 
ing obtained by means of a nut 11 on the spindle 8. Rotation 
of the hand wheel 7 moves down a follower 10 on the spindle 8 
until it contacts with the mass of filtering medium in the chamber 
4. A test cock 12 is provided on the chamber 4 for testing the 
level of the liquid in it anda pipe and stop cock are provided 
for drawing off the liquor above the filtering medium prior to 
emptying the chamber of its filtering medium. (Sealed.) 


163,739. G.F.Shotter, London. Integrating Apparatus. 
(6 Figs.) September 4, 1920.—Relates to mechanism for flow 
meters, watt meters and the like of the type comprising as arm 
or member which is operated periodically by a clockwork to 
actuate a counting mechanism, the movement of the member 


Fig.1. J 
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being dependent upon the position of the indicating or 
inter. According to the invention, the member is mov 
y electromagnetic means or thermally-operated means, such as 
bi-metallic strip, and an elect ugnetically-operated | 
means is provided for the indicating pointer, which means is 
operated periodically through switch contacts under the control of 














the clockwork. An electromagnetic clutch is provided to connect 
the member to the counting mechanism, and a switch contact 
on the member is adapted to open the electric circuits when the 
arm reaches the position of the indicating pointer, whereupon the 
member and locking device are returned to normal jon. 
As shown in Figs. 1 and 2, the indicating or recording iter 1 
moves over a recording chart 2 and a curved locking bar 3, 
pivoted at 4, and carrying an armature 5 is adapted to onuepe 
the pointer to hold it in set position at predetermined intervals, 
by the energisation of the electromagnet 6. vo poy above 
the bar 3 is a traversing arm 8, which is provided at one end 
with an armature 9 co-operating with an electromagnet 10, and 
at the other with a switch contact 11 comprising two arms 12, 13, 
Fig. 4, and corresponding contacts 14, 15, the arm 13 extending 
into the path of the pointer 1. The traversing arm 8 is connected 
through gearing 18 and an electromagnetic clutch 19 to a counting 
mechanism 20. The electric connections are shown in Fig. 3, in 
which 23 represents a clock-driven cam adapted at intervals to 
close a switch 22, whereby current flows from a source 21 through 
the contacts 14, 15, to the clutch 19 and electromagnet 6. The 
switch 22 is short-circuited by a switch 24 operated by ‘the 
clutch 19. The movement of the locking bar 3 closes, a switch 
25, 26, Figs. 1 and 3, in the circuit of the electromagnet 10, 
thereby operating the traversing arm 8 and counting mechanism 
20, until the arm 13 is swung by the pointer 1 to open the circuit 
of the magnet 6. In a modification, the locking bar is adapted 
to depress the indicating pointer through a constant distance 
during part or all of which the pointer is in contact with a sloping 

of a rocking member, which is adapted to actuate the 
counting mechanism. (Sealed.) 


[RAILWAYS AND TRAMWAYS. 


163,063. E. F. eant, Hull. Coal Trucks. (6 Figs.) 
November 13, 1919.—For discharging coal trucks, the Ln 
lift a is provided with a superstructure } carrying a dependent 
pusher d adapted to be thrust downwardly between the. rear end 
of the truck and the load and to advance under power in a direc- 
tion to discharge the load. The pusher d has a rearwardly- 
depending scraper or hoe ¢. The pusher —— to a sliding 
member ¢ which is moved along the inclined frame member by 
hydraulic or other means. When the truck is tipped, the pusher 
is swung back by hand from its normal vertical position into 
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engagement with the rear wall of the truck. Further tipping 
of the truck then moves the pusher down to the bottom of the 
truck in contact with the rear wall. At the same time the hoe 
is folded up automatically to lie flat against the pusher. The 
sliding member ¢ then is actuated to push the material from 
the truck, and during the operation the hoe falls down and 
follows the pusher, thus scraping off all residual material adhering 
to the walls. The final clearance of the material is effected by 
the pusher swinging back to its vertical position from near the 
end of the truck. (Sealed.) 


163,385. W. Redpath, Leeds, and The Leeds Forge 
Company, Limited, Leeds. Railway Vehicle Under- 
frames. (4 Figs.) January 2, 1920.—In railway vehicles pro- 
vided with central buffers or central buffer couplings, a pair of 
pressed steel longitudinal members a, each of channel section, 
and formed with a longitudinal corrugation f in its web portion, 
is attached to the transverse members A of the underframe for 
resisting the compressive stresses due to buffing. The longitu- 
dinal corrugations f are formed at about the middle of the 
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greatest depth of the web and project at the deep end portions 
in the same direction as the flanges and at the middle shallow 
peste in the reverse direction. The top or bottom flange, or 

, may be tapered from a lesser to a greater width between 
the headstocks and the first cross-bars. The striking plates 
i and carriers are secured to the closed ends of the longitudinal 
members. (Sealed.) 





Trrantum Hypripe.—Within the last few years 
Paneth has shown that bismuth, lead and tin combine 
with hydrogen, forming hydrides like arsenic, antimony 
and phosphorus. In the case of the lead hydride a 
peculiar electrolytic spark method had to be used, the 
lead cathode being coated with a cement of plaster 
prepared with glycerol (glycerin), through which sparks 

when the cathode was immersed in sulphuric 
acid on a high-frequency circuit. By this method A. 
Klauber, of Prague (Zeitschrift fir Anorganische Chemie, 
vol. 117, pages 243-248, July 1), has succeeded in proving 
the existence also of a titanium hydride. It is a gas 
devoid of colour or odour, which catches fire spon- 
taneously when exposed to the air, burning with a faintly 
luminous . That titanium absorbs hydrogen had 
been observed by E. A. Schneider, but the formation of 
@ compound had not been proved, and all these hydrides 
are very difficult to isolate. 





